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PREFACE
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Key members of the CERC team, who also authored this report, are as follows:
Dr. Yen-hsi Chu, Principal Investigator, Research Hydraulic Engineer, Coastal
Design Branch (CW-D), Wave Dynamics Division (CW); Ms. Jane M. Smith, Hydrau-
1ic Engineer, and Dr. H. S. Chen, Research Hydraulic Engineer, Coastal Ocean-
ography Branch (CR-0), Research Division (CR); and Ms. Laurel T. Gorman,
Physical Scientist, and Mr. Mark B. Gravens, Hydraulic Engineer, Coastal Pro-
cesses Branch (CR-P), CR, CERC. Special recognition is due Dr, Nicholas C.
Kraus, Research Physical Scientist, CR, for his effort in reviewing the manu-
script and his technical assistance in developing the shoreline change model.
The supporting effort of Ms. Karen R. Wood, CW-D, in typing this report is
gratefully acknowledged. Technical editing by Ms. Shirley A. J. Hanshaw and
drafting support by the staff of the Information Technology Laboratory, WES,
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tions throughout this study from Messrs. Harvey N. Smith and Murph O'Brien,
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fully acknowledged as well,
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Dr. James R. Houston and Mr, Charles C., Calhoun, Jr., Chief and Assistant
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement us.d in this report can be converted to SI

(metric) units as follows:

Multiply

cubic feet per foot

cubic yards

fathoms

feet

foot-pounds per second per foot
miles (US statute)

yards

By To Obtain
0.0929 cubic metres/metric
0.7646 cubic metres
1.8288 metres
0.3048 metres
4.448225 joules per second per metre
1.6093 kilometres
0.9144 metres




BEACH EROSION CONTROL STUDY
HOMER SPIT, ALASKA

PART I: INTRODUCTION

1. Homer Spit is a prominent landmark lying immediately southeast of
the City of Homer on the Kenai Peninsula in Alaska. The Spit is a narrow
peninsula, 100 to 500 yards* wide, extending approximately 4-1/2 miles from
northwest to southeast into Kachemak Bay which opens to lower Cook Inlet in
south central Alaska. At the tip of the Spit are a small-boat harbor and a
city dock that are used for year-round shipping activities. Homer Spit has
been intermittently used as a landing by vessels for two centuries, but most
heavy development on the outer portion for commercial and recreational activi-
ties occurred in the past 25 years. A single two-lane roadway leads from

Homer to these developments following the southwestern shore of the Spit.

Background

2, Since its construction in 1927, the inshore half of the two-lane
roadway has been a continual source of maintenance problems. Severe storms
accompanied by high water levels and wave action have overtopped and washed
out stretches of the roadway causing the road to be closed for major repairs
on several occasions, Various means, including the installation of groins,
revetments, and bulkheads have been attempted to control the erosion at the
southwestern beach facing outer Kachemak Bay and to mitigate damages to the
roadway during extreme storm events. Results of these efforts have not been
satisfactory, and all shoreline structures, except the rubble revetment, have
suffered damage of various degrees.

3. The US Army Engineer Waterways Experiment Station Coastal Engineer-
ing Research Center (CERC) was authorized by the US Army Engineer District,
Alaska (CENPA), in May 1984 to provide technical assistance in identifying the

cause of coastal erosion along Homer Spit and to recommend potential long-term

* A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 3.




means of erosion control. The engineering analysis of beach erosion at
Homer Spit conducted by CERC (Smith et al. 1985) included:
. Fileld data collection and field investigation program.,

+ Wind and nearshore wave analysis.

. Coastal geology and littoral transport analysis.

o 1o o (I

« Preliminary engineering plan formulation.
Two variations of protective beach design and an extension of existing rubble

revetment were recommended for further evaluation.

Scoze

4., During the feasibility study phase, CENPA requested CERC to further
refine the engineering analysis and quantitatively assess the various struc-
ture alternatives for erosion control. Specifically, the work elements to be
performed included:

a. Wave climatology and wave transformation analysis.
. Coastal geomorphological study.
. Tidal circulation analysis.

. Shoreline change numerical modeling analysis,

jo o, 1O (O

. Structure elements design.

This report summarizes study results from each of the above tasks and associ-
ated recommendations of the CERC specialists. Detailed descriptions of each
task and study results are provided in Appendixes A-F.




PART I1: EXISTING CONDITION AND BEACH SURVEYS

5. From August 1984 to August 1986, four beach surveys were conducted
at Homer §pit by the Alaska Department of Transportation and by CENPA (Fig-
ures 1 and 2). These surveys followed about 60 preselected transects for the
purpose of establishing a data base for long-term beach erosion assessment.
However, during the interim a preliminary evaluation of the obtained data was
performed to assist in formulation of beach erosion protection plans and to
assess volumetric profile changes in the vicinity of the sheet-pile seawall,
located between midway of beach profile (BP) -49 and BP-50 and BP-46 (Fig-
ures 3 and 4*), where severe beach erosion and structural damage had occurred.

6. Table 1 summarizes results of 22 profiles that were analyzed.
Changes in cross-sectional areas are shown as '"cut" and "fill" that represent,
respectively, erosionary and accretionary changes. From August 1984 to August
1985 the southwestern beach generally experienced an accretionary process,
while this process was reversed during the 1985-86 period. For the 3.4-mile
stretch of shoreline from BP-20 to BP-60 (Figure 1), net erosion during the
1985-86 period was estimated to be 390,000 cu yd compared to a net accretion
of 304,000 cu yd during the 1984-85 period. The net result for the 1984-86
period is 86,000 cu yd of erosion, which is a moderate amount in view of the
accelerated beach erosion processes which had occurred since the 1964 Alaska
earthquake. These numbers also illustrate the large magnitude of year-to-year
fluctuations in beach erosion and the dynamic nature of littoral processes at
the Spit. Figure 2 shows the variation of accretion/erosion estimates for the
2-year study period along the southwestern shoreline. In general, erosion
occurred along the lower half of the Spit near the distal end, while accretion
occurred at the upper half near the Spit base, The 2-year survey result is
not consistent with the long-term processes discussed in Part V of this
report.

7. The nearshore bathymetry (Figures 3 and 4) of the project area was
derived from beach survey data. Figures 3 and 4 suggest the presence of
standing waves in front of the sheet-pile seawall and rubble revetment.

Standing waves are the result of partial reflection of incident wave energy

* Contour depths in Figures 3, 4, and 19 are referred to mean lower low water
(MLLW).

-
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Figure 1. Beach profiling locations for 1984-86 beach surveys,
Homer Spit, Alaska
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Figure 2, Beach cross-sectional change, 1984-86, Homer Spit, Alaska




Figure 3. Bathymetry of the project site, August 1985
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Figure 4. Bathymetry of the project site, August 1986
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Table 1
Summary of Beach Profiles Comparison

Quantity, cu ft/ft

1984-85 1985-86 1984-86
Profile Station No. Cut_  FiIl  TCue_  FIIL_  Cut_  FiIL
BP-20  13700.6 85 824 1,154 437 757 780
BP-25  14700.6 324 998 1,693 120 1,556 639
BP-31  15721.2 341 917 525 537 523 1,112
BP-34  16721.2 461 708 1,175 348 1,048 468
BP-38  18366.1 1,070 478 700 316 1,412 440
BP-40  19366.1 181 495 686 392 697 718
BP-42  20438.5 122 501 847 133 468 132
BP-43  21597.5 424 736 1,014 59 755 111
BP-44  22797.5 260 624 751 195 516 291
BP-46  23997.5 314 668 402 251 432 635
BP-47  24497.5 270 932 1,203 745 498 788
BP-48  24697.5 439 1,162 1,089 737 443 827
BP-49  24897.5 463 1,059 1,145 574 611 658
BP-50  25397.5 269 954 982 311 332 310
BP-51  25897.5 566 922 515 569 276 674
BP-52  26397.5 339 1,143 1,174 288 263 285
BP-53  26897.5 394 942 1,334 298 715 227
BP-54  27586.2 700 893 765 693 300 422
BP-56  28359.3 406 2,324 1,127 267 79 1,251
BP-58  29539.5 568 895 960 590 360 317
BP-59  30539.6 276 1,160 1,246 135 435 208
BP-60  31539.6 67 852 457 932 195 1,455

Note: All three surveys used for analysis were conducted during August.
"Cut” and "Fi11" quantities are measured in cubic feet per foot of
shore and are interpreted as erosion and accretion, respectively, Cal-
culations of changes for each profile were made from base points to
points approximately 1,400-1,800 ft offshore.

11




caused by the shoreline structures. The resulting higher wave amplitude and
water particle velocities in front of the seawall may further aggravate the
situation of wave overtopping, roadway flooding, and local scouring of beach
material during storm events. Minimizing the standing wave amplitude and
occurrence at the project area by promoting wave breaking and reducing wave
reflection appears to be a logical engineering solution to the present problem
at the Spit.

12




PART III: TIDES AND CURRENTS

8. Astronomical tides at the Kachemak Bay area are semidiurnal having
a pronounced diurnal inequality. Observed and estimated tidal elevations at
Homer Spit are:

Tide Level Elevation, ft
Estimated Extreme High Water 23.3
Mean Higher High Water 18.1
Mean High Water 17.3
Mean Tide Level 9.5
Mean Low Water 1.6
MLLW 0.0 (datum)
Estimated Extreme Low Water -5.5

9. A numerical simulation of water elevations and tidal currents of
Kachemak Bay, with special attention to the water along the southwest coast of
the Spit, was conducted under the present study program, including a multi-
layer finite element mathematical model based on the mass and momentum conser-
vation equations., The four-layer finite element mesh system for Kachemak Bay,
containing 637 elements and 409 nodes, is shown in Figure 5. In shallow
water, such as along the southwestern shoreline of the Spit, the model is
limited to only one layer. A lumped finite element technique using the
Galerkin weighted residual formulation is employed for numerical solutions.
The task of simulation was contracted to the University of Mississippi and was
closely supervised by CERC specialists,

10. The simulated maximum ebb- and flood-tidal circulations for a tidal
range of 26 ft are shown in Figures 6 and 7. These results clearly exhibit
the longshore currents existing along the Homer Spit coastline., Figure 8
shows the tidal elevation and current pattern at the project location where
the maximum ebb current was 0.61 fps and maximum flood current 0.86 fps. At
the tip of the Spit, the maximum ebb-~tidal current was 1.65 fps, and the max-

imum flood current 1.78 fps. The maximum currents were found to be lowered

proportionally at lower tidal ranges. At Homer Spit, the mean tidal range is
15.7 ft, and the diurnal range is 18,1 ft,




Water Depth Range, m

12.04
76.05

12.04 - 39.47
76.05 - 130.90

0.00 -
39.47 -

Layer 1
Layer 2
Layer 3
Layer 4

Finite element mesh system for Kachemak Bay model

Figure 5.
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PART IV: WAVE CLIMATOLOGY

Wind Data Analysis

11. Because of the lack of a long-term wave record at the project area,
a hindcast of deepwater waves based on local wind data was the only alterna-
tive means to generate information on wave climate at Kachemak Bay near the
Spit. During the reconnaissance level study, wind records measured by anemo-
meters at the harbor master's office near the tip of the Spit, and at Homer
Airport, were used for wave hindcasting. Further study found that the quality
of airport data was inferior to that of Spit data with respect to use in wave
hindcasting, The Spit wind data, therefore, were used for the present feasi-
bility level study. The adjusted hourly wind speed and direction distribution

are shown in Figure 9.

Deepwater Wave Hindcast

12. Spectrally-based deepwater wave heights, peak periods, and peak
directions were calculated from Homer Spit wind distribution based on 6-hr
wind averages using the fetch-limited Joint North Sea Wave Project equation

from the Shore Protection Manual (1984). Table 2 presents the deepwater wave

statistics in terms of cumulative probabilities for various wave height and
period categories. The assumption of wind homogeneity over the entire water
body covering outer Kachemak Bay for wave hindcasting could result in over-
estimation of local wave heights near the Spit since the winds well offshore
from the Spit are generally not blowing toward it. Measured wave data from
Kachemak Bay (59° 36.36' N, 151° 32.39' W) and concurrent wind data from the
Spit anemometer for July 1984 through February 1986 were used to assess the
validity of the applied hindcast technique. Wave heights were calculated from
the 6-hr averaged wind data and then compared to the measured wave data (Fig-
ure 10). It was concluded that the present methodology and the concept of
locally generated waves at the project area are reasonable. Long-period
swells from remote sources may reach the Spit. However, the energy content
and the statistical significance associated with the long-period swells are
believed to be negligible.

18
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Wave Transformation Analysis

13. The Regional Coastal Processes Wave (RCPWAVE) model (Ebersole,
Cialone, and Prater 1986) was used to transform the hindcast deepwater waves
over the outer Kachemak Bay bathymetry to breaking points near the Spit shore-
line. The model employs an iterative, finite difference scheme including full
refraction and diffraction effects produced by the sea bottom. Two types of

results were obtained from the wave transformation analysis. A potential

longshore sediment transport rate (Figure 11) was calculated by using the
breaking wave data (height and breaking angle). Figure 11 exhibits the




Table 2

Deepwater Wave Statistics Versus Cumulative Probabilities

Wind Stress Wave Height Wave Period Cumulative Probabilities
Factor, mph ft sec occurrence per year
Wave angle = -35.5 deg (relative to grid x-axis)
2.5 0.10 0.93 0.1008
7.5 0.91 2.78 0.0833
12.5 2.54 4.63 0.0535
17.5 4.64 6.19 0.0306
22.5 5.97 6.73 0.0183
27.5 7.30 7.27 0.0136
32.5 8.62 7.61 0.0085
37.5 9.95 7.98 0.0055
42.5 11.28 8.32 0.0036
47.5 12.60 8.64 0.0020
52.5 13.93 8.93 0.00095
57.5 15.26 9.21 0.00014

Wave angle = -58.0 deg (relative to grid x-axis)

2.5 0.10 0.93 0.0559
7.5 0.91 2.78 0.0424
12.5 2.54 4.63 0.0244
17.5 4.14 5.74 0.0121
22.5 5.33 6.24 0.0057
27.5 6.51 6.67 0.0034
32.5 7.70 7.06 0.0023
37.5 8.88 7.40 0.0011
42.5 10.06 7.72 0.00085
47.5 11.25 8.01 0.00071
52.5 12.43 8.28 : 0.00043
57.5 13.62 8.53 0.00030

Wave angle = -69.25 deg (relative to the grid x-axis)

2.5 0.10 0.93 0.0267
7.5 0.91 2.78 0.0189
12.5 2.54 4.63 0.0091
17.5 3.60 5.23 0.0054
22.5 4.63 5.68 0.0025
27.5 5.66 6.08 0.0014
32.5 6.69 6.42 0.00081
37.5 7.71 6.74 0.00054
42.5 8.74 7.03 0.00013
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Figure 10, Comparison of calculated wave heights
versus observed wave heights at Kachemak Bay off
Homer Spit, Alaska

characteristics of longshore wave energy flux and potential sedimen® transport
rates along the shoreline from Bluff Point, Alaska, to the tip of Homer Spit,
The transport directions are predominantly from northwest to southeast with
only minor direction reversals, Also, a representative l-year time series of
nearshore wave conditions was assembled and later used as input to the shore-

line change model to assess the performance of various structure alternatives.
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PART V: GEOMORPHOLOGICAL ANALYSIS

14, Shoreline trends were analyzed using four historical and recent
maps that date from 1918 through 1985. The shoreline data were evaluated as
two separate data bases which include the pre-1964 earthquake shorelines of
1918 and 1961 and the post-1964 earthquake shorelines of 1968 and 1985.
Several other maps of Homer Spit were not included in the data bases because
of a lack of reference points or questionable data accuracy. These shoreline
data were digitized and formatted into a Cartesian coordinate system, and
shoreline positions were recorded at 100-ft intervals along the southwestern
shoreline of the Spit. Figures 12 and 13 show the average shoreline movement
for 1918-61 and 1968-85, respectively. Both figures show that beach erosion
and shoreline recession occurred at the project area before and after the 1964
Alaska earthquake. Between BP-9 and BP-60 (Figure 1) the net recession is
0.7 ft/year for 1918-61 and 7.7 ft/year for 1968-85, a more than ten-fold
increase at the project area after the earthquake. The effects of this earth-
quake on morphodynamic processes have been discussed and documented by Waller
(1966), Stanley (1966), Woodward-Clyde (1980), Nottingham, Drage, and Gilman
(1982), and Gronewald and Duncan (1965). The pre-earthquake shoreline was
relatively stable., The following tabulation compares shoreline movement pre-

and post-1964 by the mean rate in ft/year calculated for four segments.

Mean rate, ft/year

Segment 1918-61 1968-85
Northwest of BP-60 +1.8 -11.8
BP-50 to BP-60 -0.7 -19.2
BP-38 to BP-50 -0.8 -7.4
BP-9 to BP-38 +1.1 +2.7

Positive rates indicated above imply shoreline advance; whereas negative
values imply shoreline recession,

15. The accelerated beach erosion and shoreline recession experienced
at the Spit can be attributed also to the two tidal inlets northwest from
BP-60. The opening at the entrance to Beluga Lake has a deltaic feature cov-
ered with boulders and cobbles that is believed to trap sediment and prevent
littoral drift from nourishing the downdrift beaches along the main body of
the Spit. The second inlet feature, located immediately north of BP-60, is
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Figure 12. Shoreline movement, 1918-61, Homer Spit, Alaska
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Figure 13. Shoreline movement, 1968-85, Homer Spit, Alaska
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also a sediment sink where sand and silt are migrating into the tidal

entrance.
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PART VI: EVALUATION OF EROSION CONTROL ALTERNATIVES

Shoreline Chansg Model

16. A numerical shoreline change model was used to evaluate the
relative merits of alternative plans for erosion control and storm damage
reduction. The model was a modified version of the GENEralized model for
SImulating Shoreline change (GENESIS) recently developed at CERC. The modifi-
cation involved incorporation of a method of simulating the large tidal range
and the observed variability in mean sediment grain size with depth along the
beach profile. GENESIS is an integrated set of computer programs prepared to
calculate wave refraction and diffraction under simplified conditions (break-
ing wave height and direction, longshore sediment transport rates, and shore-
line changes). The shoreline change portion of GENESIS is classified as a
one-line model in which it is assumed that beach contours remain parallel over
the simulation period. Therefore, one contour or one line, if taken as the
shoreline, can be used to characterize beach planform change. The fundamental
assumptions of the one-line model are:

. Nearshore bottom contours move in parallel.

e ln

. A depth of closure exists beyond which longshore sediment
transport is insignificant,

The volume of beach material is conserved.

e |0
*

Longshore sediment transport is dominated by wave action.

Grid and Model Boundary

17. Calculation of the shoreline position was accomplished through
discretization of the sediment conservation equation. The longshore axis was
gset parallel to the trend of the southwest shoreline of Homer Spit and denoted
as the "x-axis." The axis orthogonal to the longshore axis, pointing positive
offshore, was denoted as the "y-axis.”" The longshore grid spacing in GENESIS
was set at 200 ft, and the grid was extended beyond the project area on both
sides to obtain termination points that would provide appropriate boundary
conditions. The southeast model boundary was placed midway between BP-34 and
BP-36 (Figure 14), and the northwest boundary was placed at the base of the
Spit, off Beluga lake.
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Figure 14. Shoreline positions and model boundary

Representative Wave Conditions

18. The input wave data used in CENESIS was obtained from the hindcast
wave record. Although wind data were available for approximately 11 years,
the longest continuous record was only 7 months. Therefore, a representative
l-year time series of wave conditions at 6-hr intervals was assembled from the
available data. Comparison between the selected and the available wave data
vere made with seasonally averaged wave height as follows:

Average Wave Height, ft
Time Period Available Data Selected Data

Winter 0.46 0.51
Spring 0.99 1.17
Summer 0.96 0.66
. Fall 0.57 0.42
One Year 0.72 0.69

In the above tabulation, winter months include December, January, and Febru-
ary; spring months include March, April, and May; summer months include June,
July, and August; and fall months include September, October, and November.
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It is believed that the selected l-year time serlies adequately represents the

wave climate at Homer Spit based on examination of available data.

Alternative Selected for Erosion Control

19. A total of five alternative options (some options including several
variations) was analyzed using the shoreline change model. The options simu-
lated were:

Without-project.

Revetment extension.

Revetment extension with beach fill.
Beach fill,

Offshore breakwater.

e e 10 (o i
*

20. The without-project option represents existing conditions at
Homer Spit and corresponds to shoreline change, that is, assuming no remedial
actions for erosion control and shoreline protection are taken. The revetment
extension option was executed to examine the effect of extending the existing
revetment 2,000 ft longshore toward the tip of the Spit. Several variations
of beach fill, by varying f111l locations and volume of the borrow material,
were considered along with the revetment extension in the third option. The
variations of beach fill without revetment extension were studied in the
fourth option. For options requiring beach fill, renourishment was assumed
for all the alternatives at the end of the fifth year. The final option
studied the shoreline responses to several arrangements of segmented offshore
breakwaters at the problem area.

21. A total of 19 alternative erosion control measures was modeled and
studied. One best alternative from each of the general design options was
selected for the comparative study. A plot of the shoreline positions for
each of the selected alternatives at the end of simulated 5- and 10-year
intervals is given in Figures 15 and 16. Three of the alternatives shown
indicate considerable erosion both at the 5- and 10-year intervals and are not
recommended for implementation. These alternatives are the without-project
option, the revetment extension option, and the offshore breakwater option.
The remaining two alternatives are the revetment extension with beach-fill
option and the beach-fill option. Model results clearly indicate that nour-
ishment of the existing beach is required to control the coastal erosion
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problem at Homer Spit. Since revetment extension is required to protect the
roadway during periods of high tide and storms, beach fill, along with
extended revetment, is considered as the most effective means for erosion con-

trol and storm damage reduction at the project area,
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PART VII: ENGINEERING DESIGN AND ANALYSIS

Revetment Desigg

22. A rubble revetment at the front of the existing sheet-pile seawall
is a necessary feature to protect the roadway from flooding and to protect the
sheet-pile seawall. With the assumption that the beach fill will raise the
beach elevation at the revetment to 16.0 ft MLLW, a depth-limited breaking
wave height of 9.6 ft was used to determine the size of armor stone unit.
Figure 17* shows the structural arrangement of the revetment which extends
1,100 ft from the existing revetment toward the tip of the Spit to protect the

reach of roadway where severe flooding has occurred in the past.

€ OF ROADWAY

w p—
SHEET - PILE WALL
33.0MLLW

3°F »
2
Iy w—23.3 MLLW (DESIGN SWL)
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Figure 17. Beach fill and revetment design at BP-48, Homer Spit, Alaska
(swl = still-water level)

Beach-Fill Engineering

23. Alternative 3C (see Figures 15 and 16), conducted by the shoreline
change model simulation study, is the basic plan recommended for engineering
design. It requires that 150,000 cu yd of borrow material be placed in front
of the existing seawall and the recommended revetment, It is understood that
the more fill material applied at the beach the better the shoreline sta-
bility. Selection of alternative 3C is based on the assumption that erosion

# All elevations cited herein are given relative to MLLW,
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at the project area has slowed in recent years, and an extensive fill as sug-
gested in alternative 4C may not be needed. If this assumption is proven
false, then more material may be placed later in the renourishment period.

The borrow material should be placed approximately 500 ft offshore or to an
elevation of 5 ft MLLW, as shown in Figure 18. Figure 19 shows the bathymetry
at the project area after the beach fill (which can be compared to Figures 3
and 4 showing bathymetries before the beach fill). Model simulation assumes
the borrow material has the same gradation distribution characteristics of the
native material, It was concluded that a 5-year renourishment of the project
beach is needed. If the borrow material is more stable than the native beach
material, the renourishment period may be increased. Four alternative borrow
sites--Martin River, Anchor Point, Archimandritof Shoals, and Beluga Shoals--
were considered for renourishment analysis, Results are summarized in the

following tabulation:

D m Renourishment Renourishment

Site 50 °* Factor Period, years
Homer Spit 4.1 1.00 5
Martin River 9.5 0.45 11
Anchor Point 5.0 0.53 9
Archimandritof Shoals 4.0 0.80 7
Beluga Shoals 5.7 0.56 9
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Figure 18. Cross-sectional beach profile at BP-48 after beach fill,
Homer Spit, Alaska

\

~

N\

BP-50 BP-49 -48 __ BP-47
4] — R— S— - BF 46 8P-45
B I aoao‘%

|l e 1100° NEW REVETMENT o { \\
l Bl -

200 [} 200 400 FY

Figure 19. Bathymetry at the project site after beach fill,
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PART VIII: CONCLUSIONS AND RECOMMENDATIONS

24, The following conclusions and recommendations result from CERC's

engineering analysis of the erosion problem at Homer Spit, Alaska:

a.

The sediment transport dominated by wind wave action is toward
the tip of the Spit. Relatively minor beach erosion occurred
at the project area prior to the 1964 Alaska earthquake. This
erosion process has accelerated since the earthquake and has
been at a much higher rate than before the earthquake. It is
unclear whether the eroded beach has been stabilized because of
the highly active littoral transport at the Spit. The 2-year
beach survey does suggest that beach erosion at the project
area may have slowed recently, although the high water levels
and wave overtopping continue to be a major threat to roadway
safety during storms. Nevertheless, it is recommended that the
beach survey program be continued during August to establish a
long-term data base for appraising beach processes at

Homer Spit.

The revetment extension option is not an effective means for
erosion control at Homer Spit. However, it could provide pro-
tection to the roadway if it is properly designed. Since ero~
sion of the beach will continue, the revetment may need further
extension in future years.

Placement of a rubble revetment is recommended in front of the
existing sheet-pile seawall. This revetment will protect the
seawall from collapse, reduce wave overtopping by dissipating
wave energy, and protect the roadway from flooding during
periods of high tide and storms. This revetment should extend
1,100 ft from the existing rubble revetment toward the tip of
the Spit.

Beach fill is recommended to nourish the severely eroded beach
at the project area, to form a protective beach inducing early
wave breaking, and to reduce wave loading on the protective
structure at the shore. A volume of 150,000 cu yd of borrow
material 1s needed for the initial nourishment. Renourishment
may be required in future time intervals.
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APPENDIX A: WIND AND DEEPWATER WAVE ANALYSIS

Introduction

1. Long-term measurements of wave conditions at Kachemak Bay off
Homer Spit, Alaska, do not exist. This appendix describes the method used to
hindcast deepwater waves from wind summaries using a fetch-limited wave gener-
ation model. The analysis of measured wind frequency, duration, and direction

is discussed also,

Measured Wind Data

2. Wind data were available from three sources: (a) an anemometer on
Homer Spit located at the harbor master's office near the end of the Spit,
(b) a National Weather Service anemometer located at Homer Airport (north of
Homer Spit) and (c¢) a National Data Buoy Office (NDBO) buoy (EB-46007) located
in Lower Cook Imlet. Smith et al, (1985)* made a detailed comparison of data
from the three sources. It was concluded from the results of these compari-
sons plus subsequent observations that the Spit wind data are representative
of the winds in the area of interest.

3. The airport and Spit data were very similar in directional distribu-
tion, but wind speeds recorded at the airport were lower. Smith et al. (1985)
gave two possible explanations for the differences:

a. The airport anemometer is sheltered, and it responds to local-
ized topographical and thermal effects.

b. The Spit anemometer gives inconsistent results. Large gaps in
the data indicate poor maintenance.

Since fall 1983, the US Army Engineer District, Alaska, has made periodic
checks of the Spit anemometer and found it functioning properly. Also, in
July 1986 Dr. Yen-hsi Chu of the Coastal Engineering Research Center reported
that the airport anemometer is sheltered by nearby mountains. These two
observations indicate that the wind data collected at the Spit are superior to
the airport data for the purpose of estimating the wind climate over outer

Kachemak Bay (seaward of the Spit).

* References cited in the Appendixes can be found in the References at the
end of the main text.
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4. The NDBO buoy was positioned in Lower Cook Inlet, so it was strongly
affected by major wind patterns in the Inlet (Cook Inlet to Shelikof Strait,
and Kennedy and Stevenson entrances to Kamishak Gap) instead of the local wind
patterns of Kachemak Bay (as was the Spit anemometer). Smith et al. (1985)
found no statistical correlation between the buoy winds and the Spit (or air-
port) winds. This occurrence is not surprising becaurze the katabatic effects
and differences in orographic funneling in Kachemak Bay would not affect the
buoy. Therefore, the wind conditiong at the buoy do not represent what {3
happening in Kachemak Bay.

5. TIdeally, an array of meteorological stations in outer Kachemak Bay
and Lower Cook Inlet opposite Homer Spit would be used to define the complex
wind field in the area. Since these additional data are not available, the
Spit wind data are the best available to describe winds in outer Kachemak Bay.

6. The anemometer at Homer Spit is at an elevation of approximately
25 ft above the land surface. Hourly averages, readings taken once a second
and averaged over 1 hr, from February 1965 through January 1982 and September
1983 through February 1986, are available. The data from August 1973 through
January 1982 are not usable because a 20-mph threshold was applied when the
data were digitized, so wind speeds less than 20 mph were excluded from the
wind record. The data from September 1983 through March 1984 are also unus-
able. During this period, only wind from northwest and west-northwest direc-
tions were recorded. The data are apparently incorrect because of the lack of
variation in direction and, historically, because winds are predominantly from
the northeast in the winter at the Spit. In the data from 1965-73, 53 percent
of the data was missing, leaving 32,025 data points (including calm values).
In the data from 1984-86, 44 percent of the data was missing, leaving
9,378 data points (including calm values). The combination of wind data from
these two periods (1965-73 and 1984-86) are used for characterizing the wind
pattern of the study area.

7. The wind data were adjusted using the method presented in the Shore
Protection Manual (SPM) (1984). The adjustments included:

. Correction to 10-m level.

jor Im

. Correction for instability resulting from air-sea temperature
differences for directions where the fetch is greater than
10 miles. (An unstable condition was assumed, since no tempera-
ture data were available.)

€. Correction for nonconstant coefficient of drag.
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These corrections were made so that the wind data could be applied directly to
wvave forecasting curves. The adjusted data should not be considered actual
wind speeds, but rather "wind stress factors,” since the adjustment for non-
constant coefficient of drag is included.

8. The distributions of the hourly winds with respect to direction for
each season (winter, spring, summer, and fall) are shown as wind roses in Fig-
ures Al through A4. The wind roses show the distribution of winds in
16 directional sectors as a percent of all winds. The bars in each direction
are divided into 10-mph intervals. Slightly more of the total wind data was
collected in the winter (27.4 percent) than in the spring (25.3 percent) and
fall (25.7 percent), and slightly less data were collected in the summer
(21.6 percent). To avoid a seasonal bias in the total wind data, weighting
factors were applied to the observations in each season so that each season
accounted for 25 percent of the total data set. The wind rose for the entire

data set (with seasonal weighting applied) is given in Figure AS.

Wind Hindcast Data

9. A simplified technique was used to calculate gross estimates of
wave height, period, and direction from the single point source of wind data
at Homer Spit. It was assumed that wind conditions existing at Homer Spit
were present in the entire region of Lower Cook Inlet and outer Kachemak Bay.
This approach was expected to overestimate existing wave conditions since the
winds well offshore from Homer are generally not blowing toward Homer Spit.

10. Spectrally-based deepwater wave heights, peak spectral periods, and
peak directions were calculated from the Spit wind distribution based on
6-hr wind averages using the fetch-limited Joint North Sea Wave Proj-
ect (JONSWAP) equation from the SPM (1984). Six-hour averages were used
because approximately a 6-hr duration is needed to reach fetch-limited con-
ditions for higher wind speeds. In the preliminary study (Smith et al. 1985),
l1-hr averages were used which contributed to overestimation of wave heights
because fetch-limited conditions may rot have been obtained in 1 hr. The

fetch lengths are given in Table Al. Results of the wave hindcast, wave

height H-o , and wave period T , including their cumulative probability dis- :

tributions, are given in Table A2,
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Figure A3. Summer wind rose
Homer Spit, Alaska
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Homer Spit, Alaska

Table Al
Fetch Lengths

Direction Fetch
deg miles
281.25-303.75 46.7
258,75-281.25 61.9
236.25-258,75 77.7

11. Measured wave data from Kachemak Bay and concurrent wind data from
Homer Spit for July 1984 through February 1986 were available to test this
method. Wind data were available hourly from the Spit anemometer. Wave data
measured by an accelerometer were obtained every 3 hr from a Waverider buoy in
Kachemak Bay (59° 36.36' N, 151° 32.39' W). Wind data were averaged over a
6-hr period prior to every other wave gage measurement. Wave heights and
periods were calculated from the average wind speeds and directions
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Table A2
Deepwater Wave Statistics Versus Cumulative Probabilities

Wind Stress Weve Height Wave Period Cumulative Probabilities
Factor, mph ft sec occurrence per year

Wave angle = -35.5 deg (relative to grid x-axis)

2.5 0.10 0.93 0.1008
7.5 0.91 2.78 0.0833
12.5 2.54 4.63 0.0535
17.5 4.64 6.19 0.0306
22.5 5.97 6.73 0.0183
27.5 7.30 7.20 0.0136
32.5 8.62 7.61 0.0085
37.5 9.95 7.98 0.0055
42.5 11.28 8.32 0.0036
47.5 12.60 8.64 0.0020
52.5 13.93 8.93 0.00095
57.5 15.26 9.21 0.00014

Wave angle = -58.0 deg (relative to grid x-axis)

2.5 0.10 0.93 0.0559
7.5 0.91 2.78 0.0424
12.5 2.54 4.63 0.0244
17.5 4.14 5.74 0.0121
22.5 5.33 6.24 0.0057
27.5 6.51 6.67 0.0034
32.5 7.70 7.06 0.0023
37.5 8.88 7.40 0.0011
42.5 10.06 7.72 0.00085
47.5 11.25 8.01 0.00071
52.5 12,43 8.28 0.00043
57.5 13.62 8.53 0.00030

Wave angle = -69.25 deg (relative to the grid x-axis)

2.5 0.10 0.93 0.0267
7.5 0.91 2.78 0.0189
12.5 2.54 4.63 0.0091
17.5 3.60 5.23 0.0054
22.5 4.63 5.68 0.0025
27.5 5.66 6.08 0.0014
32.5 6.69 6.42 0.00081
37.5 7.71 6.74 0.00054
42.5 8.74 7.03 0.00013
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approaching Homer Spit from Cook Inlet. These calculated wave heights and

periods were compared with the wave heights and periods measured at the Wave-
rider buoy at the end of each averaging period. A scatter plot of the calcu-
lated versus observed wave heights is shown in Figure A6, The mean wave
heights for July 1984 to February 1986 are:

Standard
Mean Deviation
Calculated wave height, ft 2.73 2.17
Observed wave height, ft 2.63 2.72

A linear regression analysis with the observed wave height as the independent
variable X and the calculated wave height as the dependent variable Y gave

the following results:
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Figure A6. Scatter plot of calculated versus
measured wave heights
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A = 0,005
B = 0,965
where Y = A + BX
correlation coefficient = 0,771

The calculated wave height estimates the observed wave height well., The mean

wave periods are:

Standard
Mean Deviation
Calculated wave period, sec 4.86 1.85
Observed wave period, sec 4,38 1.59

A linear regression analysis comparing wave periods (with observed wave period
as the independent variable and calculated period as the dependent variable)
gave no correlation. Differences in wave periods result partially from defi-
nitions; i.e., the measured wave period is the average zero-crossing period
over the entire record, and the calculated period is the peak spectral period.
Overall comparison between the calculated and measured wave heights is reason-
ably good considering the assumptions involved. Thus, the wave hindcast tech-
nique is reasonable. A slight overestimation of wave height and period is
expected because of overestimation of the fetch length. A sample of spectral
data examined after the completion of this study indicates that the energy
contained in low frequencies is not significant, supporting, therefore, the

assumption of locally generated waves,

Extremal Analysis

12. The purpose of the extremal analysis is to predict extreme deep-
water waves associated with return periods of 5, 10, 25, 50, and 100 years.
The extremal analysis was performed using unadjusted wind data exceeding
30 mph. Three frequently used probability distributions for describing
extremal statistics were fit by the method of least squares. The three
distributions used were (a) Extremal Type I, (b) Weibull, and (c) Log-
Extremal. The Log-Extremal distribution gave the best fit with a correlation
coefficient of 0.979. The unadjusted extreme wind speeds were adjusted to

wind stress factors as discussed earlier. The associated deepwater waves were
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calculated using the fetch~limited JONSWAP equation. The majority of unad-
justed wind events over 30 mph were from the directional sector 236.25 to
258.75 deg, so the fetch associated with this sector, 77.7 miles, was used in
the wave calculation., Table A3 gives the results of the extremal analysis.
Caution should be used interpreting these results, especially the longer
return periods, because of the short period of record of the input wind data.

This short period of record increases the probability of bias in the data.

Table A3
Extremal Results

Return Unadjusted Wind Stress Wave Wave
Period Wind Speed Factor Height Period
yr mph mph ft sec

S 46 79 21 10.2
10 50 87 23 10.6
25 56 99 26 11.0
50 61 109 29 11.4

100 66 121 32 11.8

Summary and Conclusions

13. Measured wind data from the Homer Spit anemometer were chosen to
represent the wind climate over outer Kachemak Bay. The wind data were
adjusted so direct application of wave forecasting equations could be made.
The adjusted data should not be considered wind speeds because the adjustment
for nonconstant coefficient of drag is included. The wind data were used to
calculate deepwater spectrally-based wave height, peak spectral period, peak
direction, and the associated probability of occurrence. Constant wind speed
and direction across outer Kachemak Bay and fetch-limited wave growth were
assumed. Comparisons between measured wave heights and calculated wave
heights were made to test the wave calculation technique. The results showed
good correlation. An extremal analysis was made with the wind data to predict

extreme events for 5-, 10-, 25-, 50-, and 100-year return periods. The
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deepwater hindcast wave data are used for developing nearshore wave informa-

tion (see Appendix B).
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APPENDIX B: WAVE TRANSFORMATION ANALYSIS

Introduction

1. Deepwater wave conditions in outer Kachemak Bay were estimated using
the fetch-limited Joint North Sea Wave Project (JONSWAP) equation from the
Shore Protection Manual (SPM) (1984) with measured wind conditions from

Homer Spit and measured fetch lengths (see Appendix A). This appendix
describes the methods used to transform deepwater wave conditions to nearshore
conditions to study longshore sediment transport,

2, Two approaches were used to estimate the sediment transport rate.
Rough estimates of sediment transport were calculated by transforming typical
deepwater wave conditions to breaking conditions and calculating the longshore
gediment transport from longshore wave energy flux using the SPM equation. An
average yearly transport rate was estimated by assigning probabilities to
typical wave conditions. The second approach estimated longshore sediment
transport with a numerical shoreline change model. As input to the shoreline
change model, a typical l-year time-history of deepwater wave conditions was

transformed to prebreaking conditions.

Wave Transformation Model

3. The Regional Coastal Processes Wave (RCPWAVE) model (Ebersole,
Cialone, and Prater 1986) was used to transform deepwater waves over the outer
Kachemak Bay bathymetry to breaking for the typical wave approach and pre-
breaking for the time-historv approach. The model employs an iterative,
finite difference scheme including full refraction and diffraction effects
produced by the sea bottom, assuming

2. Mild bottom slopes.
. Linear, monochromatic, and irrotational waves.
. Negligible wave reflection.

. Negligible energy loss resulting from bottom friction and wave
breaking outside the surf zone.

i 0 o
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Typical Wave Approach

4. A stretched rectangular grid of 76 cells in the offshore or
x-direction by 72 cells in the longshore or y-direction covering an area of
22,500 x 60,000 ft was applied, as shown in Figure Bl. The grid spacing was
fine in the nearshore and coarse offshore along the x-axis, and the spacing
was constant along the y-axis. Stretched grids minimize computer time by min-
imizing the number of grid cells. The grid was oriented to minimize the num-
ber of land cells and to accommodate a maximum incident wave angle of 70 deg
relative to the grid's x-direction. The grid's y-axis runs from Bluff Point,
Alaska, southeastward to the tip of Homer Spit (Figure Bl). The x-axis
extends seaward to a depth of approximately 20 to 30 fathoms.

5. The grid was overlaid on the National Ocean Survey (NOS) bathymetric
chart to assign an average depth to each grid cell relative to mean lower low
water (MLLW) (Smith et al. 1985). The bathymetry near the Spit was updated
with survey data from August 1984. The new survey included detailed data
above MLLW; whereas the NOS chart included only sparse data above MLLW. Since
the grid lacked enough detail to resolve incipient breaking locations accu-
rately, a modified version of RCPWAVE, developed in the previous study (Smith
et al. 1985), was used to take the wave conditions one grid cell prior to
breaking (SPM (1984) breaking criterion) and transform them to breaking condi-
tions (breaking criterion of wave height = 0.78 x water depth). Wave condi-
tions just prior to breaking include wave height, wave period, and wave angle
relative to the local shoreline. From the breaking conditions, the longshore

energy flux factor P, was calculated using

is

P, - GE) pg(Hb)ZCS(sin 20, )

where

mass density of water
= acceleration of gravity

wave height at breaking

o ® o

group vedlocity of wave at breaking

D O
[

o

angle between the wave crest and shoreline breaking
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6. Test runs of the model were made to verify the model was operating
properly. It was noted that waves propagating nearly parallel to shore caused
model instability because waves refracted offshore. Therefore, wave direc-
tions greater than -70 deg (Figure B2) could not be run. Two deepwater wave
conditions were transformed to breaking conditions at three tide levels (MLLW,
mean tide, and mean higher high water) with RCPWAVE to test the sensitivity of
the Pls

calculated from the transformed wave conditions for each longshore grid cell,

values to the tide level. Figures B3 and B4 show the Pls values
Figure B3 represents the following deepwater conditions: significant wave
height Ho = 13.9 ft, wave period T = 8,2 sec, and 60 = =69.25 (relative to
the grid). Figure B4 represents the following deepwater conditions: Ho

= 15,26 ft, T = 9.21 sec, and 60 =-35,5. The P values for all three

is

tide levels are included on each plot. The st values for the three tide
levels follow the same general trend longshore, while the longshore distribu-

tions differ greatly between the two deepwater wave conditions. For the

model <,
unstable - /

Figure B2, Wave direction bands relative to the transformation
grid for typical wave approach
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superimposed on Homer Spit, Alaska

Numerical grid applied in wave transformation analysis

Figure Bl,
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accuracy of the typical wave approach, the difference in Pls for the three
tide levels is not significant; therefore, for this approach, the mean tide
level was used for all wave conditions.

7. The modified RCPWAVE model was run for each deepwater wave condition
given in Table A2 (Appendix A) as previously calculated from the wind analy-
sis. It should be noted that the wind analysis output wave height is energy-
based significant wave height, and the period is the peak spectral period
which the wave model treats as monochromatic. A Pls value was calculated at
each of the 72 shoreline grid cells for each deepwater wave condition, and
each value was weighted by the probability of occurrence associated with the
corresponding deepwater wave condition. The probabilities for each wave con-
dition are obtained by subtracting successive cumulative probabilities in

Table A2. The weighted Pls values were computed as P, x w , where w 1is

1s
the weighting factor. At each shoreline grid cell, the Pls values for all

wave conditions run were summed

n
(Pls)j - Z: (Pls)ji xw

i=1
where
(st)j = expected annual Pls for J
n = number of wave condition
(P, ) = longshore energy flux factor at shoreline cell j for wave
8’ i
condition 1
The calculated expected annual average P values for each shoreline cell

Ls
are provided in (Table Bl and Figure BS).

8. Longshore sediment transport rate Q was estimated directly from
| 4 . using Equation 4-49 in the SPM (1984) as follows:

L
K
Q= —y—7—— P
ga’ (o, - p,) s
vhere
K = 0.265 log(gh/¥,)> - 0.53
g = acceleration of gravity
Vf e fall velocity of sediment
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Table Bl
Expected Annual st

P, , ft-1b/ft-gsec P, , ft-1b/ft-sec

Cell L8 Cell 8
10 67.5 37 90.4
11 79.4 38 120.5
12 107.7 39 118.3
13 103.7 40 87.8
14 86.9 41 -19.6
15 70.7 42 -24.8
16 64.5 43 -33.2
17 103.3 44 19.5
18 46.9 45 26.9
19 96.4 46 14.9
20 28.7 47 20.8
21 73.9 48 17.9
22 56.9 49 21.6
23 -4,8 50 29.2
24 ~-5.8 S1 39.5
25 20.5 52 26.0
26 25.7 53 _ 10.4
27 57.2 54 24.6
28 68.3 55 28.8
29 69.9 56 37.7
30 46.4 57 34.8
31 55.6 » 58 53.1
32 16.5 59 67.2
33 18.7 60 92.0
34 -36.1 61 83.5
35 5.5 62 74.1
36 63.6 63 63.3

Note: Positive values indicate wave energy flux directed toward the end of
Homer Spit; while negative values indicate the opposite direction.
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Figure B5. Longshore energy flux factor P

s ° Homer Spit,
Alaska

£

a' = ratio of volume of solids to total volume (accounts for sediment

porosity)

p, = mass density of sediment

ow = mass density of water
A K-value of 0.52 was computed for the 0.3-mm-diam sediment typical of the low
tide regions of the Spit, assuming a conservative 5-ft significant wave
height. It was assumed also that longshore transport at high tide is negligi-
ble because of the large sediment sizes typical on this part of the beach pro-
files (gravel and cobbles). An overall average K-value of 0.26 was estimated
with the additional simplifying assumption of a step function tidal variation
(versus the natural sinusodial variation). This procedure resulted in esti-

. The
is
SPM (1984) recommends using a larger constant of 7,500 in a similar expression

mates of annual longshore transport (in cu yd/year) equal to 5,000 x P

for beaches with medium-to-fine sand; but this constant is meant as a first
approximation based on more uniform conditions with much smaller tidal varia-
tion. Sediment transport along the shoreline is shown in Figure B6. Fig-
ure B7 shows changes in the sediment transport rate dQ along the shoreline

S , or dQ/dS . A positive value of dQ/dS indicates an increasing transport
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rate toward the end of the Spit, an indication of erosion. A negative value

of dQ/dS indicates an area of local accretion.

Time-History Approach

9. The time-history of wind data from Homer Spit, described in Appen-
dix A, was used to calculate the time-history of wave heights, periods, and
directions. The fetch-limited JONSWAP equation was applied to each 6~-hr aver-
age of wind speed and direction, producing a time-history of deepwater wave
height, period, and direction. Table B2 is a summary of the deepwater wave
time-history (February 1965 to January 1986) giving the average and maximum
wave height and period for each month when data were available, The number of
observations is the number of 6-hr averages for the month, not including bad
or missing data. From this summary, typical months of data were chosen and
combined to form a representative l-year time-~history of deepwater wave condi-
tions. A typical month was chosen. One criterion for choosing representative
months was that the month have few bad or missing data. Months and years cho-
sen are given in Table B3.

10. The grid applied for the typical wave approach was altered in
alignment and grid spacing to accommodate the shoreline modeling. (The shore-
line change model is presented in Appendix C.) The grid was rotated to align
the y-axis with the baseline of the shoreline change model, which is approxi-
mately parallel to Homer Spit. The y-axis was shortened, and the grid spacing
was reduced in both directions. The resulting rectangular grid was 108 cells
in the x-direction by 175 cells in the y-direction covering an area of 22,500
x 35,000 ft. The grid spacing in each direction was constant. The grid's
y-axis extends from Homer, Alaska, southeastward to the tip of Homer Spit.

The x-axis extends seaward to a depth of approximately 20 to 30 fathoms. The
depths for each grid cell were interpolated from the grid used in the typical
wvave approach.

11, RCPWAVE was modified to store wave output at approximately the 3-m
depth (prebreaking) for each longshore grid line. Test runs of the model were
made to verify that the model was operating properly. It was noted that waves
propagating nearly parallel to shore caused model instability because waves
refracted offshorc., Therefore, wave directions greater than 58 relative to

the grid's x-axis (Figure B8) could not be run.
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Summary of Wave Time-History
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o (~ ] ] ’ (] L] 1 16 ' ] 0 ]
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(Cont inued)
Note: HAVE = monthly average significant wave height in feet.
HAMAX = maximum monthly significant wave height in feet.
TAVE = monthly average wave period in seconds.
TMAX = maximum monthly wave period in seconds.
OBS = number of 6-hr observations in the month.
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model
unstable

Table B3
Representative Time-History

Month Year
January 1986
February 1968
March 1971
April 1971
May 1966
June 1970
July 1984
August 1966
September 1970
October 1967
November 1965
December 1967

o
52.1° —

_40.90 -

-29.6°

Figure BS.

Wave direction bands relative to the
transformation grid for time-history approach
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12, Production wave model runs were made in an innovative way to elimi-
nate the expense and time of making a run for each deepwater wave condition in
the l-year time-history. Instead, a total of 16 wave conditions representing
expected combinations of deepwater wave period and direction were run
(Table B4).

Table B4

Wave Conditions for Production Model Runs

Period Direction
sec deg, relative to the grid
4 -18.4
-29.6
=40.9
10 -52.1

Each of the 16 wave conditions was run at high, mean, and low tide for a total
of 48 runs. It was necessary to include the effect of the tide for the shore-
line change model. A unit (1-ft) wave height was used for each period, direc-
tion, and tide combination. Since the RCPWAVE model is based on linear wave
theory, the transformed unit wave height is equivalent to the combined refrac-
tion, diffraction, and shoaling coefficients (transformation coefficient).

The output from the production runs consisted of the transformation coeffi-
clent, wave period, and wave direction at approximately the 3-m depth for each
of the 175 longshore grid lines. The information at 90 of these locations was
saved because the locations coincide with the shoreline change model cells.
The extra longshore cells were needed so that the boundary conditions of the
RCPWAVE model would not influence transformation results. The results from
all model runs were compiled into one random access file keyed on deepwater
wave direction, wave period, and tide level.

13, A program was developed to link the l-year time-history of deep-
wvater conditions to the results of the wave model runs to create a time-
history of wave height, period, and direction at the 3-m depth at each
longshore grid line. The program reads one record of the deepwater time-
history (wave height, period, and direction) and assigns a tide level,
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assuming a progression of mean high to mean low for the four daily wave con-
ditions. A key, defined based on the wave period, wave direction, and tide
level, is used to enter the random access file and extract the transformed
wvave conditions. The transformed wave height is calculated by multiplying the
input deepwater wave height by the transformation coefficient. Input deep-
water wave results with a wave direction larger than -58 (unstable wave model
condition) were processed with a wave direction of -52.1.

14. The final output is a sequential file containing a l-year time his-
tory of wave heights, periods, and directions at 6-hr intervals at the 3-m
depth for each of the 90 longshore grid lines needed for shoreline change
modeling. The application of this information for estimating sediment trans-
port using the shoreline change model 18 described in Appendix D.

Summarz

15. Deepwater wave conditions were numerically transformed to breaking
conditions for typical wave approach using the RCPWAVE model. Breaking condi-
tions were used to estimate the expected annual longshore energy flux factor
at each shoreline grid cell. The flux factor is directly related to sediment
transport rate and direction. The predominant predicted sediment transport
direction is toward the end of the Spit (southeast), but localized reversals
in the longshore transport and related sediment deficits are predicted in the
vicinity of the base of the Spit. RCPWAVE was used also to transform deep-
water wave conditions to prebreaking conditions for the time-history approach.
A l-year typical time-history of prebreaking conditions was created for use in

a numerical shoreline change model.
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APPENDIX C: SHORELINE CHANGE MODEL AND ALTERNATIVES EVALUATION

Introduction

1. The central task of this study was to develop a numerical model for
simulating long-term (5 to 10 years) shoreline change along the southwest
coast of Homer Spit and to evaluate the relative merits of alternative plans
for erosion control and storm damage reduction. A spit in coastal waters is
an accretionary feature resulting from the transport of sediment longshore for
which wave action is a major factor producing the sediment.movement. Because
of the typically regular pattern of sediment transport at a spit, shoreline
change of such a morphological feature is expected to be amenable to quantita-
tive analysis, The sediment budget analysis technique commonly used in
coastal engineering is an arithmetic balance of beach volume changes with con-
sideration of sediment flow into and out of the seaward, landward, and lateral
boundaries of the study area. A numerical shoreline evolution model is a sys-
temized and quantified implementation of the sediment budget analysis method
in which the change in beach volume is calculated based on time-varying wave
conditions. A numerical model of shoreline change for the study area, taking
into account the large variation in sediment grain size across the profile and
the relatively large (approximately 16-ft) mean range, will provide a useful
tool for examining the effect of proposed erosion control alternatives at

Homer Spit.

Shoreline Change Model

Background

2. Numerical modeling of shoreline change in applied coastal engineer-
ing began in the mid-1970's. Significant contributions to the development of
these numerical models were made in England (Price, Tomlinson, and Willis
1973, Willis and Price 1975, Motyka and Willis 1975), Japan (Sasaki 1975,
Sasaki and Sakuramoto 1978), and in the United States (Perlin and Dean 1979).
Although the Corps of Engineers has sponsored development of numerical models
of shoreline evolution (Le M&hauté and Soldate 1980, Perlin and Dean 1983),
until recently this technology has had only limited use in district and divi-

sion projects.




GENESIS

3. The numerical modeling effort for the present project was performed
using a modified version of a shoreline evolution model called GENEralized
model for SImulating Shoreline changes (GENESIS) recently developed at the
Coastal Engineering Research Center (CERC) (Hanson and Kraus, in preparation).
The model was modified for application to Homer Spit to account for the large
tidal range and the significant differences in the average sediment grain size
at low, mean, and high tides.

4., GENESIS is an integrated set of computer programs developed to cal-
culate wave refraction and diffraction under simplified conditions, breaking
wave height and direction, longshore sediment transport rates, and shoreline
change. A wide range of boundary conditions, numbers and types of coastal
structures, multiple beach fills, and other common situations influencing
shoreline change can be simulated. It can also accept input of wave condi-
tions from an external source (as from data obtained in the field or from a
specialized computer program as done in the present study).

One-line model

5. The shoreline change portion of GENESIS is classified as a one-line
model in which it is assumed that beach contours remain parallel over the
course of the simulation period. Therefore, one line or contour, conveniently
taken as the shoreline, can be used to characterize beach planform change.
GENESIS is a generalized program derived from site-specific one~line models
that have successfully described long-term shoreline change measured at long
groins, detached breakwaters, and seawalls (Kraus 1983, Kraus and Harikai
1983, Kraus, Hanson, and Harikal 1985, Hanson and Kraus 1986), both in the
field and in laboratory physical models. The first Corps of Engineers appli-
cation of GENESIS was on the highly structured coast of northern New Jersey
(Kraus et al. in preparation).

One-line theory
assumptions and equations

6. The fundamental assumptZons of the one-line model are:

a. Nearshore bottom contours move in parallel.

1o |

« A depth of closure exists beyond which longshore sediment trans-
port does not take place.

The volume of beach material is conserved.

[g]

Cc2




d. Longshore sediment transport by wave action is the dominant fac-
tor controlling long-term shoreline change.

7. Comparisons of the available beach profiles for Homer Spit (August

1984 to August 1986) indicate that the slope of the profile along the project
area is stable (Appendix D). Based on these data, assumption a. is considered
to be satisfied. Visual inspection of the profile data in the study area show
a depth of closure or "pinch-off" depth at approximately 19.5 ft (6 m) below
mean tide level (assumption b.). Assumption c. is necessary for quantitative
implementation of the budget analysis technique. Assumption d. is well satis-
fied for an accretionary geomorphological feature such as Homer Spit.

8. The basic equation of the one-line model is:

dy 1__dg

it v Db +spoy ax - ° (cn)

where

shoreline position

<
]

t = time
Db = average berm height
De

depth of closure

Q = volume rate of longshore sediment transport

x = distance longshore

9. The predictive formula for the longshore sediment transport rate is

taken to be

2
Hb™ Cgb dHb
Q= 16(8-1)%1-3) E(l sin(2Zbs) - 2 K2 ~Ix cot(B) cos(st)] (C2)

where
Hb = breaking wave height
Cgb = wave group velocity at breaking
S = ratio of sediment density to water density (S = 2.65)
a = sediment porosity (a = 0,4)
Zbs = breaking wave angle to the shoreline

cot(B) = inverse of the beach slope
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The quantities KI and K2 are treated as parameters in order to calibrate
the model.

10. The first term in Equation 2 corresponds to the CERC formula Shore
Protection Manual (SPM) (1984, Chapter 4) and describes sediment transport
produced by obliquely incident bresking waves. The second term describes

transport produced by a longshore current resulting from a variation ia the
breaking wave height longshore. The first term is always dominant om an open
coast, but the second term provides a significant correction if diffraction
enters into the problem (Ozasa and Brampton 1980, Kraus 1983, Kraus and
Harikai 1983). The SPM (1984) recommends a value of Kl equivalent to

Kl = 0,77 , and the coefficient K2 has been empirically found to lie in the
approximate range K2 = 0.5 Kl to 1.5 Kl (Krasus 1983).

Numerical solution scheme

11. GENESIS allows selection of either an explicit or implicit fimite
difference solution scheme. In order to minimize problems with numerical
instability and to reduce execution time for production runs, the implicit
solution scheme was chosen to be run at 6-hr intervals.

12. As stated in the introductiom, the model GENESIS was modified to
better describe shoreline change at the study site. The modificstion involved
incorporation of a method of simulating the large tidal renge and the observed
. variability in the median sediment grain size with depth along the profile.
;-‘u\}‘ In the numerical model, longshore sediment transport rates and shoreline
change were calculsted with a simulated 6-hr time-step becsuse the time seriss
of the input wave data vas prepered at 6-hr intervals. To be compatible with
the shoreline change model, the tide level was simulated at successive time-
steps in a cyclical fashion through four representstive stages (mesn tid.,
mean high, mean, and mesn low). This procedure, in effect, results in s semi-
diurnal representation of the tidal cycle. The tides at NHomer Spit are semi-
diurnal but do have s pronounced diurnal imequality (Smith et al. 1985).
However, simulation of the tides in the stated manner is consistent with the
accuracy of the shoreline change model. An average medisn sediment grain sise
for each of the three representative tide levels was calculated from grainm
size distribution curves received from the US Army Engineer District, Alaska.
The result of this analysis is as follows: mean low tide, 0.25 sm; mean tide
level, 10.23 mm; and mean high tide, 8.13 mm. These grain sizes then were
used to estimate the trsasport parameter K1 in Equation 2, and the resultaamt
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Kl-values were implemented in the model based on the calculated tide level at
the given time-step.

13. Calculation of the shoreline position was accomplished through the
discretization of Equation 1; therefore, the inclusion of tidal changes
required input of the average berm height at the various wvater levels. Con-
sistent vith the one-line theory of shoreline change, only one contour line
vas modeled (shoreline at mean tide elevation), but the longshore sediment
transport rate and corresponding shoreline change were calculated at three
tide levels based on the physical properties (transport parameter Kl and
berm height) that exist at that elevation on the profile. The above-described
modification of the numerical model wvas a major preparatory effort of the
shoreline modeling task.

Grid and boundary conditions

l14. The longshore axis was set parallel to the trend of the southwest
shoreline of Homer Spit. The longshore axis of the original wave refraction
grid was rotated to be compatible with the GENESIS longshore axis, as dis-

cussed in Appendix B. In shoreline modeling, the axis along the trend of the
shore is customarily denoted as the "x-axis," and the axis orthogonal to it
and pointing positive offshore is denoted as the "y-axis." This is the con-
vention used in GENESIS and maintained in the shoreline modeling effort.

15. The longshore grid spacing in GENESIS was set at 200 ft. This
spacing was sufficient for evaluating major alternative plans but still
allowed economical computer execution times. The wave refraction grid was
interpolated in the longshore direction from the original 833-ft spacing to
200-ft cell spacing for compatibility with the shoreline model,

16. The shoreline model grid was extended beyond the project area on
both sides to obtain termination points that would provide appropriate bound~
ary conditions. The southeast (tip of spit) model boundary was placed midway
between beach profile BP-34 and BP-36 (Figure Cl). The northwest boundary was
placed at the base of the Spit, off Beluga Lake.

17. Two surveys of Homer Spit were judged to be adequate for use in
the shoreline modeling: Alaska Tideland Survey No. 612 (October 1968) and
Homer Spit Erosion Study, Condition Survey No. ! (August 1985) (Appendix D).
From inspection of the available shoreline data it appeared that the shoreline
position between BP-34 and BP-36 had moved very little over the past 17 years.
Therefore, a fixed-beach boundary condition, {n which the boundary shoreline
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position is constrained not to move, was implemented on the southeast side.
This type of boundary condition allows sediment to move across the boundary
from either side. Again, from inspection of the shoreline data, the shoreline
position at the northwest boundary was also found to be nearly stationary.

The 1968 and 1985 surveyed shoreline positions are presented and discussed in
Appendix E and shown in Figure Cl. However, during trial runs of the model it
vas determined that a direct fixed-beach boundary condition would not allow
adequate reproduction of the erosion occurring immediately downdrift of the
boundary, as found in the shoreline position data. It was concluded that the
northwest boundary condition required that the longshore sediment transport
rate entering the grid from the northwest be limited, in addition to fixing
the shoreline position, to reproduce the observed shoreline retreat.

18. 1In the one-line model, the magnitude of the longshore sediment
transport rate and the associated shoreline change are controlled in part by
the lateral boundary conditfons., At Homer Spit, the principal direction of
sediment transport is from the northwest to the southeast, if.e., toward the

tip of the Spit. A series of simulations was performed to estimate the
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quantity of littoral material transported onto the Spit. As a result, the
longshore sediment transport rate at the northwest boundary was limited to
5 percent of the calculated potential rate (Equation C2) to reproduce the
actual shoreline erosion occurring in the project area as obtained from the
1968 and 1985 surveys.

19. The condition set at the northwest boundary has various physical
interpretations. Based on the shoreline position data, the region from the
base of the Spit to BP-42 has been experiencing erosion (on the order of
11,5 ft per year) for the 17 years between 1968 and 1985. This trend indi-
cates there is a lack of littoral material available for transport onto the
Spit. Only speculative reasons for this apparent lack of littoral material
can be given because of the absence of sediment transport and long-term beach
profile data in the area west of and on Homer Spit. A number of reasons may
be hypothesized for the lack of transportable material (see Appendix E). A
further complicating factor which may have impact on the longshore sediment
transport .pattern at Homer Spit is the tidal current which, in combination
with wave action, might produce net sediment transport toward the tip of the
Spit, see Appendix B.

Structures Represented in the Model

20. GENESIS can be applied to simulate shoreline change in the vicinity
of coastal structures and erosion control measures such as seawalls, revet-
ments, groins, of fshore breakwaters, and beach-fill projects. The application
should, however, be done with caution.

Revetments and seawalls

21. A revetment or seawall is assumed by the model! to prevent landward
retreat of the shoreline. Therefore, a seawvall introduces a constraint on the
longshore sediment transport rate in addition to limiting the allowed position
of the shoreline. The seawall constraint in GENESIS is imposed at the same
level of approximation as the assumptions used to derive the one-line model.
Wave reflection, scouring, and flanking are not simulated. This description
is believed to be reasonable, provided the beach slope in front of the seawall
does not appreciably deviate from that of the neighboring beach, This

restriction is equivalent to assumption (a) of the one~line theory. Because
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of the complexity of implementation of the seawall constraint in the model,
the report by Hanson and Kraus (1986) should be consulted for further details.
Beach fills

22. Beach nourishment projects may easily be simulated in GERESIS, The
beach-fill design parameters such as the berm width (after initial adjust-
ments) and the length of the project, together with the beginning and ending
dates of the beach-fill project, are required inputs into the shoreline model
for simulation of beach fills, Several beach-fill locations and beginning and
ending dates may be specified in one model run,

23, In summary, three kinds of information are required prior to the
shoreline simulation: initial conditions, such as initial position of the
shoreline, positions and characteristics of structures, duration of time to be
modeled, grid spacing, etc.; wave conditions s a function of time to calcu-
late the longshore sediment transport rate; and boundary conditions at the
lateral ends of the study area. These were described previously for applica-

tion to Homer Spit,

Model Calibration

24, The calibration procedure for GENESIS is to determine the trans-
port parameters Kl and K2 of Equation 2 by reproducing measured shoreline
change that occurred at the target site between two surveys. If sufficient
shoreline survey and wave data are available, the calibrated model 1is then run
to simulate observed shoreline change in a time interval not spanned by the
calibration to verify that the calibration constants are independent of the
time interval. Since wave data for these time intervals, which may cover
several yesrs, are virtually never available, it is common to use hindcast
wave data. Details of the method used to hindcast the wave climate at
Homer Spit are in Appendix A,

25. As discussed in the previous section, only two applicable surveys
were availsble for Homer Spit. Hence, verification of the calibration could
not be performed thereby necessitating scrutiny of the sensitivity of the
calibrated model to quantify expected variations in predicted results,

26. The calibration was performed using the measured shorelines of 1968
and 1985, The simulation of shoreline change for this 17-year period was
accomplished using the modified version of CENESIS, with the init{ial shoreline
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position given by the 1968 measured shoreline. The calibration proceeded in
the usual manner. The calibration constants Kl and K2 were systemstically
varied in successive runs of the model, and comparisons were made between the
calculated shoreline position (from the !7-year model simulation) and the
shoreline position surveyed in 1985. An additional calibration constant was
introduced by the northwest boundary condition. This constant, defined as

Pn , represents the percent of the calculated potential sediment transport
rate allowed to cross the boundary. In the calibration, visual comparisons
were made by plotting the calculated and measured shorelines. In addition, a
measure of the calibration error, denoted as Yerr , was calculated to provide
a more objective fitting criterion, The calibration error was defined as the
sum of the absolute difference between the measured and calculated shoreline
positions divided by the same quantity calculated from the 1968 and 1985 mea-

sured shoreline positions. The arithmetic expression of Yerr |{s

Ycalc - Ymeas85S

(Ymeanb8 - Ymeas (€3

Yerr =

vhere
Ycalc = calculated shoreline position

Ymeas85 = measured shoreline position from 1985 survey

Ymeas6t8 = wmeasured shoreline position from 1968 survey

27. As Yerr approaches 0.0, the accuracy of the calibration
increases. The quantity Yerr was calculated for the complete grid Yerrl
and for the project area Yerr? between BP-42 and BP-56. The quantities
Yerrl and Yerr2 were used as numerical indicators of the relative accuracy
of the calibration runs, thereby conveniently establishing the relative
accuracy of the numerous (on the order of 100) calibration runs. Final deter-
mination of the suitability of the calibration should be made on the basis of
a total integrated judgment by plotting the full two-dimensional features of
the shoreline planform; {.e., the final judgment is based on inspection. The
results of selected calibhration runs are given in Tabhle Cl. These results
show not nnlv a satisfactory calibration but aleo the senatitivity of the mode!
to the calibration parametern.

JR. With reference to Tahle Cl, model Run 4 wan chosen as the best ff{t

with respect to the calibratinn parameter Kl . Run 4 was selected through
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Table Cl

GENESIS Calibration Results

Model K1 Measure of Accurac
Run Low Hean Righ X2 Pn Yerrl Yerr2
a. Optimization of Kl
1 0.77 0.77 0.77 0.15 2.5 0.880 0.342
2 0.77 0.55 0.65 0.15 2.5 0.639 0.165
3 0.77 0.50 0.60 0.15 2.5 0.594 0.159
4 0.77 0.50 0.55 0.15 2.5 0.582 0.161
5 0.77 0.43 0.55 0.15 2.5 0.560 0.179
6 0.77 0.30 0.50 0.15 2.5 0.553 0.299

- b, Optimization of K2
7 0.77 0.50 0.55 0.05 2.5 0.583 0.186
0.77 0.50 0.55 0.10 2.5 0.578 0.161
0.77 0.50 0.55 0.15 2.5 0.582 0.161
10 0.77 0.50 0.55 0.20 2.5 0.594 0.181
11 0.77 0.50 0.55 0.25 2.5 0.622 0.237
c. Optimization of Pn
12 0.77 0.50 0.55 0.15 0.0 0.635 0.157
13 0.77 0.50 0.55 0.15 2.5 0.582 0.161
14 0.77 0.30 0.55 0.15 5.0 0.536 0.166
15 0.77 0.50 0.55 0.15 7.5 0.498 0.171
16 0.77 0.50 0.55 0.15 10.0 0.473 0.179
17 0.77 0.50 0.55 0.15 15.0 0.428 0.198
d. Model sensitivity
18 0.38 0.2% 0.28 0.15 5.0 0.824 0.466
19 0.77 0.50 0.5% 0.15 50.0 1.097 0.350
20 1.00 0.65 0.71 0.20 5.0 0.732 0.221
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comparison of the accuracy balance between the overall grid and the project
area. Run 9 was selected as giving the best fit for the calibration parameter
K2 . The same value of Yerr2 was calculated for Runs 8 and 0. Inspection
of the final shoreline position from plots of the results of model Runs 8 and
9 indicated that a better fit was obtained with the calibration parameters of
Run 9 for the project area. For Pn , visual comparison of the calculated
shoreline plots and evaluation of the accuracy balance between the whole grid
and the project area led to the selection of model Run 14 to define the cali-
bration parameters. The values of Kl , K2 , and Pn 1listed for Run 14 in
Table Cl1 were used for all production runs with the model. Part d. of
Table C1 illustrates the sensitivity of the model to variation in the calibra-
tion parameters and gives an example of the range of possible values for
Yerr! and Yerr2 . In model Run 19, Pn was set at 50, meaning that
50 percent of the calculated potential sediment transport rate was allowed to
cross the northwest boundary. The large values of Yerr calculated for this
run demonstrate the inaccuracy of allowing half of the calculated potential
sediment transport rate to cross the northwest boundary. Similarly, model
Run 18 was executed using Kli-values of half the calibrated value of this
parameter. A marked decrease in the accuracy is the result. In Run 20 both
Kl and K2 were increased by 30 percent; the error for the whole grid Yerrl
increased over 100 percent; whereas, the error in the project area Yerr2
only increased about 25 percent.

29. A plot of the 1968 and 1985 surveyed shorelines and the calculated
1985 shoreline from a 17-year model simulation period using the calibration
constants of model Run 14 in Table Cl is shown in Figure C2.

Representative Wave Conditions

30. Deepwater wave height, period, and direction were predicted from
wind data obtained on Homer Spit (see Appendix A), and the input wave data
used in GENESIS were assembled from this data set. Wind data were available
for approximately 11 vears, with the longest continuous record being only
7 months long. The entire data set was scanned to create a representative
l-year time series of wave conditions at 6-hr intervals from the available

data. The criteria for creating the representative wave data were: (a) the
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Figure C2. Results of shoreline model calibration

wind record used to predict the waves was continuous for the full month; and
(b) the selected data were the most recent data meeting criterion (a) for the
given month, The resulting time series was missing only eight 6-hr records
(equivalent to 2 days). The eight missing records were generated by averaging
adjacent records. A l-year time series with fewer missing records could not
have been selected from the available data. A comparison between the selected
representative l-year time series and the available data was made to determine
if the selected wave conditions were indeed representative. The result of
this comparison is shown in Table C2. For comparison purposes the analysis
was made on a 3-month seasonal basis: winter - December, January, and Febru-
ary; spring - March, April, and May; summer - June, July, and August; and fall
- September, October, and November.

31. The data in Table C2 show that the average wave height of the
representative l-year time series of wave conditions is slightly less than the
average vave height of the total availsble data. On a seasonal basis, the
sverage vave height i{s overestimated in the winter and spring and underesti-
mated in the summer and fall, It is believed that the selected l-year time
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Table C2
Comparison of Selected Representative and Available Wave Conditions

Average Wave Height, ft

(Including Calm Events) Wdiff*
Time Period Available Selected 4
Winter 0.46 0.51 10.9
Spring 0.99 1.17 18.2
Summer 0.96 0.66 -31.3
Fall 0.56 0.42 -26.3
Spring/Summer 0.98 0.92 -6.1
Fall/Winter 0.51 0.46 -9.8
1 Year 072 0.69 4.2

* Wdiff = (Slavg - Aavg)/Aavg x 100%.
SLavg = average wave height from selected data.
Aavg = average wave height from available data.

series adequately represents the existing wave climate at Homer Spit for use
in GENESIS.

32, The sensitivity of the shoreline change model to the input wave
conditions was investigated through the execution of 10 additional model rums.
In these model runs the calibration parameters of model Run 14 in Table Cl
were used, and the input wave conditions were varied to examine the sensitiv-
ity of the model to variation in input wave conditions. Incident wave height
and direction were varied at the grid depths of the wave input to GENESIS
(nominal depth of 10 ft; Appendix B). Wave height was varied by a percentage
of the original input; whereas wave direction was varied by adding or sub-
tracting a small angle from the input longshore. Since the adjustments are
made at a shallow-water location, the small variation in wave angle nearshore
corresponds to a large angle in deep water. Using Snell's law and assuming
emall angles, one may obtain a relationship between a given change Aen in

the nearshore wave angle en and the corresponding change Aeo in the

offshore angle 60 . This relationship is as follows:




tan ©

% = tan 5 “n (c4)

From the above equation, an increase of 5.0 deg to a nearshore wave angle of
4,36 deg results in an increase of 11.8 deg in the offshore wave angle orig-
inally only 10.0 deg.

33. The model was run for the calibration period 1968-85, and the input
wave height was increased and decreased by 5, 10, and 20 percent. In four
other runs the incident wave angle was increased and decreased 2.5 and 5 deg.
The quantity Yerr (Equation 3) was calculated for these model runs to give
an indication of the relative error associated with the changes in the input

wave conditions. The results of this investigation are shown in Table C3.

Table C3
Shoreline Model Sensitivity to Input Wave Conditions

Model Change in Input Wave Data Measure of Accuracy
_Run_ Angle, deg Height, % Yerrl Yerr2
1 none +5 0.538 0.163
2 none + 10 0.722 0.203
3 none + 20 1.030 0.501
4 none -5 0.530 0.170
5 none - 10 0.524 0.173
6 none - 20 0.573 0.393
7 + 2.5 none 0.601 0.609
8 + 5.0 none 0.748 1.138
9 - 2.5 none 0.800 0.498
10 - 5.0 none 1.148 1,031

34, Values of the quantities Yerrl and Yerr2 associated with the
calibration model Run 14 of Table Cl were 0.536 and 0.166, respectively.
Increasing or decreasing the wave height by 5 percent (Runs 1 and 4) changes
the measure of accuracy (Yerrl and Yerr2) by a maximum of 2 percent. An

improved Yerr2 (measure of accuracy from BP-42 to BP-56) is noted for Run 1
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(1.8 percent better); however, Yerrl is slightly poorer. Run 1 was the only
run which showed an improved Yerr2 in this investigation of sensitivity.

For Run 2, 3, 5, and 6 Yerr2 progressively increases, indicating that the
resulting shoreline position is farther from the surveyed shoreline position. :
Decreasing the incident wave heights by 5 and 10 percent resulted in an |
improved Yerrl ; whereas decreasing the wave height by 20 percent increases
Yerrl by 6.9 percent, indicating a poorer reproduction of the measured shore-
line change as compared to that of the calibrated model. Increasing the inci-
dent wave heights by 10 and 20 percent resulted in an increased value of

Yerr! of 35 and 92 percent, respectively. In summary, the shoreline model is
only moderately sensitive to changes in the incident wave height. The shore-
line model is somewhat more sensitive to changes in the nearshore incident
wave angle (Runs 7 through 10 in Table C3). Increasing or decreasing the
incident wave angle by 2.5 deg resulted in increasing the Yerr2 values by at
least 200 percent; whereas Yerrl values increased by 12 and 49 percent with
respect to the calibrated model (Run 14 of Table Cl). Changing the incident
wave angle by plus or minus 5 deg resulted in a poor correlation to the sur-
veyed shoreline position for the whole calculation grid (Yerrl), as well as
between BP-42 and BP-56 (Yerr2). This exercise has shown that the model pro-
duces reasonable results given the uncertainty in the input wave data. Moder-
ately different wave conditions would not affect the overall conclusions of

shoreline evolution computed with a wmodel.

Evaluation of Alternative Erosion Control Measures

35. This section addresses the results of GENESIS simulations of the
alternative erosion control measures. Three generic alternatives were sug-
gested to alleviate the chronic erosion problem at Homer Spit in a previous
CERC report (Smith et al. 1985). All three alternatives included an extension
of the existing revetment, one with a scour blanket, another in conjunction
with a compesite beach fill, and one in conjunction with a uriform beach fill,
Two different designs were modeled from these suggested alternatives: one a
revetment and the other a revetment in conjunction with a beach f{11. Three
additional designs were mcdeled for comparison and evaluation. (e was the
without-project option, which corresponds to shoreline change as resulting

from the existing conditiona. Another simulation incorporated an offshore
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breakwater option. Finally, a beach-fill only option was simulated to com-
plete a thorough investigation of typically utilized design concepts.

36. Several variations of these five modeled options were run for a
total of 16 alternatives. A 20-year simulation was executed for each alter-
native, and shoreline position data were saved and plotted at the 5- and
10-year intervals. The initial shoreline position in the simulations was
taken from the August 1985 survey. The plots of shoreline position given in
this section are oriented such that the viewer is standing on Homer Spit and
looking offshore with the base of the Spit at the right and the tip of the
Spit at the left. There is an approximate 11 to 1 exaggeration of the shore-
line position in the offshore direction with respect to the longshore direc-
tion in the given plots.

Option 1: without-project

37. The without-project option represents existing conditions at
Homer Spit and corresponds to shoreline chapgg<§§spmfggwgg“£gggg}5} Eggipns
are taken. The net longshore sediment transport given by the modeiufor Ai;;;:~—~«—ﬂ“
native 1A is directed toward the tip of the Spit. The magnitude of the net
sediment traneport rates increases from about 200,000 cu yd per year between
BP-60 and BP-56 to approximately 280,000 cu yd per year near BP-36 (see Fig-
ure C3). Alternative 1A, shown in Figure C4, gives an indication of the plan-
form changes that could be expected to occur in the next 10 years at
Homer Spit. The results of this model simulation (Figure C4) show great
potential for continued erosion downdrift (toward the end of the Spit) of the
sheet-pile wall. The shoreline erosion is the result of the difference in the
net sediment transport rates in and out (approximately 880,000 cu yd per year)
of the project area. It is interesting to note that a distinct break in the
1985 surveyed shoreline position is evident just off the end of the existing
sheet-pf{le wall, This trend is progressively magnified in the model simula-
tion, However, the assumptions of the seawall boundary condition as imple-
mented in the model must be considered in the interpretation of these results.
Fer instance, in Figure C4, flanking of the revetment would very likely occur,
fmpairing the structural integrity of the revetment and resulting in less
downdrift shoreline recession. Furthermore, it is unrealistic to assume that
the shoreline position would evolve to a right angle planform immediately

downdrift of the revetment.
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Figure C3. Calculated potential longshore sediment
transport rates
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Option 2:

revetment extension

38,
extending
Spit.

The revetment extension option was executed to show the effect of

the existing revetment 2,000 ft longshore toward the tip of the
The results of the model simulation of Alternative 2A, shown {n Fig-

ure C5, indicate that the shoreline can be expected to continue to erode

downdrift of the revetment.

The interpretations given in the discussion of

Alternative 1A are equally applicable to the results of Alternative 2A.

SHORELINE POSITION (ft from boseline)

Option 3:
extension
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Figure CS5. Results of Alternative 2A
revetment

with beach fill

39.

f1i1ll lengths and beach widths.

The revetment with beach-fill option was executed for two different

The beach fills are specified to occur at

S~year intervals, and the plotted shoreline positions are those that exist

just prior to renourishment.
for this option are shown in Figures C6 to C9.

identical
in 3A and
100 fc.

The results of the four alternatives evaluated
Alternatives 3A and 3B are
to 3C and 3D except that the berm width of the beach fill is 50 ft
3B; vhereas in Alternatives 3C and 3D the beach-fill width {is

The location of the beach fill (between longshore coordinates 30 and

40 for Alternatives 3A and 3C and between longshore coordinates 25 and 35 for
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Alternatives 3B and 3D) has essentially no impact on the resulting shoreline
change. Por Alternatives 3A and 3B, erosion downdrift of the revetment should
be expected. Since this option calls for only 2,000 lin ft of beach fill,
less shoreline erosion can be expected to occur if the length of the beach
f1ll were incressed. TYor insetance, if the beach-fill length were increased to
7,600 ft or 3,800 ft, the predicted shoreline for Alternatives 3A and 3B would
be similar to that for Alternatives 4A and 4B discussed below.
Option 4: beach fill

40. The beach-fill option was executed for four alternatives. The
shorelines are plotted for the time corresponding to just prior to renourish-

ment. The beach fills occur at S-year intervals beginning in year one of the
sodel of simulation. Alternative 4A, shown in Figure C10, is the result of
the model simulation of the beach-fill option with an added berm width of

SO ft extending 7,600 ft longshore (between BP-42 and BP-56). Alternative 4B,
shown in Figure Cll, is identical to Alternstive 4A except that the fill area
has been reduced by half in length to 3,800 lin ft (between longshore coordi-
nates 37 and 56). The results of this model simulation (Alternative 4B) show

0...1
SCROH FILL OPTION (S-yr cycle)
(S0 ¢ added bera widith, 7800 fL fill Length)
0.0 4
009,91
000.8 4

1990 SHMORCL 10T POSITION
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2000.8 /

SHOREL INE POSITION (ft from beseline)

CHISTING AEVETMHENT
7300.9 4

”-.L-’r | v'..a v ) A v A v _!v.u 0 \ 2 'v." =
10 » » o % [ )
ALONGSHORE COORDINATE (celli spocing = 200ft)

Figure C10, Results of Alternative 4A
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Figure Cl1. Results of Alternative 4B

that the average coastal erosion between BP-42 and BP-36 is greater than that
in Alternative 4A, dut it is noted that in both cases the shoreline in front
of the revetment has receded to the revetment and is constrained at that
location. Hence, the source of the littoral material (as determined from the
wave conditions) moving toward the tip of the Spit is the downdrift side of
the revetment, and the prescribed quantity of beach fill is no longer suffi-
cient to maintain the shoreline in the vicinity of the 1985 surveyed shore-
line position. Model simulations of Alternatives 4C and 4D, shown in Fig-
ures Cl2 and C13, respectively, indicate the effect of increasing the berm
width of the beach fill from 50 to 75 ft. This specified increase in f1ll
volume appears sufficient to maintain the shoreline close to its present loca-
tion for the larger fill area specified in Alternative 4C (Figure C12). The
smaller fill area simulated in Alternative 4D and shown in Figure Cl13 is not
adequate to prevent erosion of the shoreline in front of the revetment.
Option 5: breakwater

41. The breakwater option was run for six alternatives, and its inves-
tigation required considerable additional effort. In order to obtain improved

resolution of shoreline change in the vicinity of the breakwaters, the
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longshore cell spacing was reduced from 200 to 100 ft,.

In addition, to main-

tain numerical accuracy with the reduced cell spacing, the time-step was

decreased,

The 100-ft longshore cell spacing provided a minimum of five cal-

culation points per breahwater and was considered sufficient for an estimate

of the effect a breakwater would have on shoreline change at Homer Spit,

As &

result of these changes, the execution time of the model for these alterna-

tives tripled.

The breakwaters were modeled to locate on the tidal flats,

The elevation of their bases ranged between | and 4 ft above mean lower low

water.

The shoreline model 18 not capable of simulating a submerged

breakwater; hence, the crest elevation was assumed to be greater than the high

tide water level.

It {s assumed, however, that a breakwater with a crest

elevation high enough that it would be exposed at mean tide but submerged at

high tide would produce similar shoreline change.

Alternatives 5A and 5B,

shown in Figures Cl4 and C15, respectively, indicate that a breakwater

positioned offshore of the end of the existing revetment would reduce the

severe erosion expected immediately downdrift of the revetment.

In both

cases, however, the erosion is transferred or migrates toward the end of the
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Spit. Alternatives 5C through 5F, shown in Figures C16 through Cl19, represent
several variations on the breakwater option in which an attempt was made to
reduce the severity of the erosion at any one location. The configuration of
the breakwaters as specified in Alternatives 5E and 5F, shown in Figures C18

and C19, respectively, resulted in minimizing the maximum erosion.

Summary and Conclusions

42, Comparison of the 16 alternative erosion control measures modeled
in this study was accomplished by selecting one alternative from each of the
general design options discussed above. The criterion for selection of the
best alternative from the generic design option was that the shoreline posi-
tion resulting from the model simulation after the given time interval
remained closest to the 1985 surveyed shoreline position (that is, the alter-
native resulting in the least shoreline erosion over the given time interval).
The selected alternatives were 1A, 2A, 3C, 4C, and 5F. A plot of the shore-
line positions for each of the selected alternatives at the end of simulated
5- and 10-year intervals (of model simulation) is given in Figures C20 and
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C21. Knowledge of the specific design parameters (e.g., the specified length
and width of the beach fill) is mecessary to properly differentiate among the
given alternatives. Three of the alternatives shown indicate considerable
erosion both at the 5- and 10-year interval and ere not recommended for imple-
mentation at Homer Spit. These alternatives are the without-project option
(1A), the revetment extemsion option (2A), and the breakwater optiom (SF).

The remaining two alternatives are the revetment extension with beach-f{1ll
option (3C) and the beach-fill option (4C). It is difficult to determine
vhich of these alternatives would best solve the coastal erosion probleme at
Homer Spit in that the extent of the specified beach fill will ultimately
determine the shoreline position. HRowever, the model simulations of shoreline
evolution conducted in this study indicate that nourishment of the Spit 1s
required to control the coastal erosion problems. A structural approach
without beach nourishment may resolve a local problem, but the area of erosion

will migrate to downdrift locations toward the distal end of the Spit.
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APPENDIX D: BEACH SURVEYS

Introduction

1. During the period from 1984 to 1986 four field beach surveys (August
1984, August 1985, May 1986, and August 1986) were conducted at Homer Spit by
the Alaska Department of Transportation and by the US Army Engineer District,
Alaska. These surveys followed preestablished profile stations documented in
Appendix C of Smith et al. (1985). More than 60 beach profiles were measured
during each survey from the baseline to points approximately 10 ft below mean
lower low water (MLLW) (1,600-1,800 ft offshore). Although the surveys were
planned for establishing a data base for long-term beach erosion assessment,
an interim evaluation of the obtained data was performed to assist the formu-
lation of beach erosion protection plans and to assess volumetric profile
changes in the vicinity of the sheet-pile seawall. This appendix summarizes

the interim study results,

Spit Erosion

2. Beach profiles measured at the southwestern shoreline of the Spit
were analyzed to determine the cross-sectional changes of the beach face.
Profile comparisons were made by using data obtained from selected profiling
stations with numbers from 1 to 60 (see Figure D1) for 1984-85, 1985-86, and
1984-86. Table D1 summarizes results of 22 profiles that were analyzed.
Changes in cross-sectional areas are presented by "cut" and "fill" (Table Dl)
that represent, respectively, the erosionary and accretionary changes., Fig-
ures D2, D3, D4, and D5 illustrate the profile comparisons at beach profile
BP-34, BP-47, BP-48, and BP-56, respectively. It should be noted that
although both cut and fill may occur at the same beach cross section, a beach
may appear to be erésionary if a smaller cut occurs at the upper beach or the
high tide terrace and a larger fill occurs at the lower portion of the beach.
BP-48 gives a typical example of upper beach erosion from 1984-85 (Figure D4).

3. From August 1984 to August 1985 the southwestern beach experienced
an accretionary process. Except for BP-38, all the fill volumes listed in
Table D] were greater than cut volumes. This accretionary prncess was

reversed during the 1985-86 period and the volumetric calculations indicate

D1
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Table D1

Summary of Beach Profiles Comparison

e —Tw
Profile Station No. Cut Fill Cut Fill T S
BP-20 13700.6 85 824 1,154 437 757 780
BP-25 14700.6 324 998 1,693 120 1,556 639
BP-31 15721.2 341 917 525 537 523 1,112
BP-34 16721.2 461 708 1,175 348 1,048 468
BP-38 18366.1 1,070 478 700 316 1,412 440
BP-40 19366.1 181 495 686 392 697 718
BP-42 20438.5 122 501 847 133 468 132
BP-43 21597.5 424 736 1,014 59 755 111
BP-44 22797.5 260 624 751 195 516 291
BP-46 23997.5 314 668 402 251 432 635
BP-47 24497.5 270 932 1,203 745 498 788
BP-48 24697.5 439 1,162 1,089 737 443 827
BP-49 24897.5 463 1,059 1,145 574 611 658
BP-~50 25397.5 269 954 982 311 332 310
BP-51 25897.5 566 922 515 569 276 674
BP-52 26397.5 339 1,143 1,174 288 263 285
BP-53 26897.5 394 942 1,334 298 715 227
BP-54 27586.2 700 893 765 693 300 422
BP-56 28359.3 406 2,324 1,127 267 79 1,251
BP-58 29539.5 568 895 960 590 360 317
BP-59 30539.6 276 1,160 1,246 135 435 208
BP-60 31539.6 67 852 457 932 195 1,455
Note: All three surveys were conducted during the month of August. WCut” and

"£111" quantities are measured in cubic feet per foot of shore and are
interpreted as erosion and accretion, respectively.
changes for each profile were made from base points to points approxi-
mately 1,400-1,800 ft offshore.

D3
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Figure D2, Comparison of August beach profiles, BP-34
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that the Spit was in an erosionary phase. In view of the relatively short
period of data record and the contributing erosion factors, such as the
intensity of seasonal storms, the reversal of beach erosion processes does
not seem physically significant. Figures D6 and D7 exhibit the nearshore
bathymetry of the project area during August 1985 and 1986, respectively.
These figures suggest the presence of standing waves in front of the
sheet-pile seawall and rubble revetment. Standing waves are the results of
partial reflection of incident wave energy caused by shoreline structures.
The resulting higher wave amplitude and water particle velocities in front of
the seawall will further aggravate the situation of wave overtopping, roadway
flooding, and local scouring of beach material during storm events,

4, The distance between BP-20 and BP-60 is approximately 3.4 miles.
Within this reach, a net accretion of the 1984-85 period was estimated to be
304,000 cu yd; whereas, a net erosion of the 1985-86 period was 390,000 cu yd,
giving a net of 86,000 cu yd of profile erosion for the 2-year study period.
Figure D8 shows the variation of accretion-erosion estimates along the
southwestern shoreline. 1In this figure, erosion occurred along the lower half

of the Spit near the distal end, while accretion occurred at the upper half

\

-

N\

near the Spit base.

scaL _‘x

Figure D6, Nearshore bathymetry, August 1985
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5. BP-47, BP~-48, and BP-49 are located in front of the sheet-pile sea-
wall. Beach profile data at these three stations was studied to compare the
severity of erosion to that at other locations. Based on information pre-
sented in Table D1, erosion was not particularly severe for this reach during
the study period. The present result does not imply that the severe erosion
occurring at the seawall section has been revered. The duration of the 2~year
data 1is too short to extrapolate a long-term trend. However, the data may
suggest that the accelerated beach erosion process since the 1964 earthquake
could have slowed down in recent years.

6. Figures D9, DiO, and D11 illustrate comparisons between May 1986
beach profiles and August 1986 profiles at BP-34, BP-47, and BP-56, respec-
tively. These three figures illustrate that beach profiles were reasonably
stable during the summer of 1986. Winter storms can cause measurable profile
alterations, as shown in Figures D12 and D13, the comparison of August 1985
and May 1986 beach profiles.

Conclusions

7. Repeated surveys of beach profiles at fixed profiling stations is
the best way to define the accretionary-erosionary process. The annual summer
survey program implemented at Homer Spit should be continued, preferably in
August, to assess long-~term beach erosion.

8. During the 2~year study period, erosion at the southwestern shore
of Homer Spit was not excessive. Minor accretion occurred at the base of the
Spit, including the segment where a steel sheet-pile seawall was erected. The
formation of standing waves in front of the seawall contributes to wave over-
topping, road flooding, and local scouring of beach material near the toe of
the seawall.

9. There is a need for beach nourishment in front of the existing sea-
wall to modify the local bathymetry and promote wave breaking during storm
events. Based on obtained survey data, erosion at this segment was not
excessive compared to that on the rest of the beach segment at the Spit. The
deep bathymetry in the vicinity of the seawall, however, should be reduced for
storm damage reduction and erosion control purposes.
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APPENDIX E: GEOMORPHOLOGICAL PROCESSES

Introduction

1. This appendix describes the geomorphic processes that affect the
beach and nearshore zone of Homer Spit. In particular, shoreline trends over
a historic time frame and the sedimentological relationships longshore and
offshore of the Spit are emphasized. The following discussion builds on the
previous work performed by CERC (Smith et al. 1985) for the US Army Engineer
District, Alaska (CENPA). Appendix C presents the glacial history, origin of
the Spit, and a description of relict beach morphological features.

2. This appendix is organized into two subtasks. The shoreline analy-
sis subtask includes the evaluation of two shoreline data bases and a descrip-
tion of the morphodynamic processes affecting the coastline. The second
subtask summarizes the sedimentological data collected by the CENPA in August
1985. Representative sediment size was evaluated for three water levels-—-high
tide, mean tide, and low tide--and was plotted against the distance longshore.

The sedimentary characteristics were also summarized in tabular form.

Shoreline Data Sources And Methodology

3. Shoreline trends for Homer Spit were analyzed using four historical
and recent maps at two scales that date from 1918 through 1985. The shoreline
data were evaluated as two separate data bases which included pre-1964 earth-
quake shorelines of 1918 and 1961 and post-1964 earthquake shorelines of 1968
and 1985. The dates, scales, and types of data sources used for the shoreline
analysis are listed in Table El. Several other maps of Homer Spit were
acquired but could not be included in the shoreline data set because of a lack
of reference points or questionable map accuracy.

4, Shoreline data were digitized and formatted in a Cartesian (X-Y)

coordinate system. Shoreline positions were recorded at 100-ft intervals
along the southwestern shoreline of the Spit. In order to manage and discuss |
the created data base, the project area was divided into four segments based

on shoreline zones as listed in Table E2 and shown in Figure El,.

El




Table El
Acquired Shoreline Maps And Surveys For The Project Area

Date Scale Map Source Agiype
1918 1 in, = 1/2 mi US Surveyors General Office Topographic map
1961 lin, = 1 mi US Geological Survey Topographic map
1968 1 in, = 200 ft State of Alaska Tideland survey
Dept. of Natural Resources
1985 1 in, = 200 ft CENPA Survey map
Table E2

Shoreline Changes, Homer Spit

1918-61 1968-85
Segment No. Location Mean Rate, ft/yr Mean Rate, ft/yr
1 Northeast of BP-60 +1.8 -11.8
2 BP-60 to BP-50 -0.7 -19.2
3 BP-50 to BP-38 -0.8 ~7.4
4 BP-38 to BP-9 +1.1 +2.7

Discussion and Results

5. For regional shoreline analysis, the study area included the entire
length of the Spit on the Cook Inlet side and the mainland of Kenal Lowlands
northward to Beluga Lake. The shoreline for the study area which lies between
BP-60 and BP-9 showed net erosion for both time intervals at a mean rate of
-0.7 ft/yr (1918-61) and -7.7 ft/yr (1968-85). On a small time scale, how-
ever, the shoreline configuration was variable. Figure E2 (positive movements
denotes accretion; negative movement denotes erosion) shows the average shore-
line movement for the time interval 1918-61, and Figure E3 shows the corres-
ponding shoreline movement for the second time interval of 1968-85. Several
morphodynamic processes have modified the beach and nearshore zone at
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Homer Spit. Seasonal storms, wave-induced currents, longshore sediment trans-
port, and tectonic activity have contributed to net shoreline position changes
along the project area.

6. Shoreline change rates averaged over the two time intervals for the
four segments are listed in Table E2. The preearthquake shoreline was rela-
tively stable with an overall erosion rate of -0.6 ft per year. Minor erosion
of -0.7 ft/yr and -0.8 ft/yr was recorded between BP-60 to BP-50 and BP-50 to
BP-38, respectively. Net shoreline advance occurred at the tip (distal end)
of the Spit (1.1 ft/yr) and the upper end of Homer Spit near the mainland
(1.8 ft/yr).

7. Postearthquake shoreline change, however, showed a predominance of
erosion with a rate of -19.2 ft/yr in Segment 2 (BP-60 to BP-50), referred to
as the critical erosion area. Similar trends noted in the earlier time inter-
val were recorded also for post-1964 earthquake shorelines but at accelerated
rates. Segment 3 (BP-50 to BP-38) exhibited a net retreat of 7.4 ft/yr;
vhereas Segment 4 showed net accretion of 2.7 ft/yr at the tip of the Spit.

8. Shoreline trends at Homer Spit changed dramatically in recent
decades based on a comparison of the two shoreline data bases. Historic maps
show the coastline to be relatively stable with shoreline configuration
remaining essentially the same. The 1964 Good Friday earthquake altered the
Spit's geomorphology and littoral processes with massive slumping, subsidence,
and soil liquefication. Several reports (Waller 1966, Stanley 1966, Woodward-
Clyde 1964, Nottingham, Drage, and Gilman 1982, and Gronewald and Duncan 1965)
documented high erosion rates and seismic evidence of massive slumping at the
distal end of the Spit that occurred after the 1964 earthquake. Shoreline
recession was estimated to be between 10-15 ft, with a maximum shoreline loss
of about 60 ft, immediately after the earthquake (Stanley 1966).

9. In addition to the 1964 earthquake, another process that accelerated
erosion by interrupting the west-east longshore transport is tidal inlet
activity. Two inlet areas, an upper tidal inlet just above BP-60 and the
inlet below Beluga Lake, were identified as regions where sediment is diverted
away from the beach zone. The opening at the entrance to Beluga Lake has a
deltaic feature covered with boulders and cobbles that is trapping sediments
and preventing littoral drift from nourishing the downdrift beaches along the
main body of the Spit (Smith et al. 1985). The second inlet feature, located
just north of BP-60, is also acting as a sediment sink where sand and silt are
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These overvash sediments have formed a
distinct tidal flat on the landward side of the inlet as indicated in Fig-

migrating into the tidal entrance.

ure E4, The inlet opening has not remained in the same position during the
period 1959-85. 1Inlet migration and washover sedimentation have been attrib-
uted to seasonal storm activity and onshore waves that are nearly perpendic-
ular to the shore., An unverified report by a local resident indicated that
gravel mining took place in the early 1900's landward of this inlet. This
activity might have led to the initial opening of the inlet and subsequent
erosion in the vicinity of the inlet.

10. The bathymetry of Homer Spit indicated that an ebb-flood cycle has
also influenced the sediment transport and shoreline configuration. The local
flood-tidal cycle initially delivers sediment to the distal end but i{s inter-
rupted by ebb currents. One indication of this trend is Archimandritof Shoals
which 1s ebb-modified by currents flowing out of Kachemak Bay (Appendix F,
Figure F8). If the ebb flow were weak or negligible, Archimandritof Shoals
would probably be linear and parallel to the coastline. The lack of accretion
and the steep profile at the tip of the Spit is further evidence that the ebb-
flow is strong and a dominant force in maintaining the present position of the
Spit.

Sediment Sources and Methodology

11. During the second phase of the beach erosion study, 96 samples were
taken along established profiles at three water levels: wmean high
water (MHW), el#® 17.3 ft; mean tide level (MTL), el 9.5 ft; and mean low
water (MLW), el 1.6 ft. CENPA provided gradation analysis for each sample
wvhich is summarized in Table E3, Sediment statistics were also done for the
sand and fines fraction of the sample to determine longshore transport Q
(Appendixes B and C), as presented in Table E4,

* Elevations (el) cited herein are given relative to mean lower low water
level, as referenced to National Geodetic Vertical Datum of 1929.




Figure E4. Overwash sediments trapped landward of tidal inlet
located just north of BP-60




Table E3
Gradation Analysis for Homer Spit
Erosion Study*

Soil
Gravel Sand Fines Classi-
Sample 4 4 % fication
3PS NN “n.5 R.1 0.2 - 4
P23 NTL 8.3 8.8 0.1 o
BFIZS 1N 0.9 %8.9 0.3 - 4
BPE3L MY 30.9 9.7 0.2 L 4
5PE31 ML Ny 60.0 0.2 - 4
P31 MM 0.4 8.9 0.8 - 4
P34 N 2%.5 3.4 0.1 o
P934 ML .t 3.8 0.5 o
BPI34 ML 1.0 %.9% 0.5 - 4
Pl M “,2 b 1 9.3 sr
BPO36 WTL 6.3 93.4 9.3 s
LY T 2.7 33,7 9.5 L 4
BPA38 M 3.4 £9.2 0.4 L 4
BP3B ML 10.4 9.4 9.2 L 4
BPA3E ML 1.3 %.0 0.3 L 4
8P940 1M 41,5 B4 0.0 (- ]
BPSA0 ATL 30.4 51.e 0.3 ]
P840 ML 8.3 82.9 2.5 o ]
SPB40 1N 3.4 2.5 a1 »”
8P4L 19N 5.9 4.1 0.1 ]
2 TTR 4.4 3.3 0.1 ]
BPOA1 ML 2.9 n.s 0.6 4
BP42 '8N 1.7 8.9 0.4 [ 4
9PR42 NTL 40.5 1.0 0.1 N
BPOA2 LY x4 1.1 0.9 L 4
P43 M 82.1 3.3 9.3 [ 4
BP#A3 WML 0.3 =S 2.0 N
PN Ly 0.3 9.0 0.3 L 4
P4 N .8 2.2 0.0 - g
PE44 NTL 0.3 N3 22 r ]
BPSA4 LN 1.6 97.% 2.9 or
8PS 9N 7 2.3 0.0 o
Pes Am s1.7 8.1 0.2 = |
P03 MmN 1.3 §8.2 0.3 s
BPS W %.8 .1 0.1 ar
BPNS NTL 4.7 3.1 0.1 o
8PS 1N 2.4 §7.2 0.4 S
P96 NN o7.1 .9 0.0
BPOdS MTL 9.9 9.8 0.1 o
8PS LW 1.9 8.1 2.9 - 4
PN 431.3 1.8 0.1 M
BPIAGANTL s2.8 4.3 0.3 o
PoseARY 0.3 9.3 0.2 o
5POAT N "1 3.8 0.1 s
PM7 ML 7.3 2.9 0.2 N
N7 N 0.9 8.8 0.4 -
00 N 70.9 2.9 0.1 ' ]
9PMg NTL 7.4 36,8 4.1 cu-6?
SFeia LN H | 97.8 0.9 P
PN NN 8.7 5.3 0.0 o
BPNT WTL 56,2 43,7 0.1 o
BPMY N 1.7 97.7 0.6 - 4
(Continued)

* Sediment samples collected July 1986.
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Table E3 (Concluded)
Soil
Gravel Sand Fines Classi-
Sample. 4 ) 4 4 fication
BPYS0 MW 71 2.9 0.0 @
8PES0 NTL 0.9 3.9 0.1 ]
BPISO ML 8.7 9.1 1.2 4
BPESL N 8.5 1.5 0.0 &
BPRSL ATL 8.9 1.9 0.1 L]
BPES1 ML 0.4 8.4 1.0 P
8PE52 MM 8.6 19.4 0.0 @
BP¥S2 NTL 9.2 9.4 2.0 - 4
BFS2 N .5 34.9 9.9 - 4
BPES3 MM 28.4 1.6 0.0 &
BP#SY MTL %8.1 20.4 0.1 o
BPAS3 NN 1.9 7.3 0.8 sp
BPISINGN 4.4 2.9 2.6 =]
BPESIANTL 2.4 3.1 0.3 - 4
BPRSIANLN 1.0 9.9 1.1 s
BRHSA oW 2.7 7.2 0,0 ]
BPES4 ML 4.5 4.9 0.3 &
BPISA M 1.2 9.8 1.0 5
BPISS M 4.1 0.2 0.7 P
BPESS NTL 66.3 D7 0.1 L J
BPESS MLN 2.6 %.5 0.9 s
BPISH 9N 1.1 66.8 0.1 s
BF#S4 ATL 0.4 9.0 0.6 L 4
BPISs ML 0.2 8.5 1.3 -]
BPES7 oM 64.0 7.8 0.2 &
BPAST NTL 5.3 %.9 9.3 L 4
BPIS7 MY 12.2 86.8 1.0 P
BPIS M 85.2 1.7 0.7 @
BPH38 MTL 4.9 £8.7 0.3 4
B8P3 MW 15.2 83.2 1.4 P
RS9 oM 2.4 57.0 0.2 s
EFNSS ATL 9.0 9.1 0.1 &
P59 MLN 3.0 4.9 0.2 @
BFRO0 M8 "3 58.6 0.1 s
PRS0 MTL 45.9 pa B | 0.1 - 4
BPRS0 MY .7 3.8 0.0 o
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Table E4
Sediment Statistics for Homer Spit
Erosion Study*

————

std. Skew- Kur-
Sample Mean Dev, ness tosis

°PS N N 74 94 -.42 &9
BPEZS ML -.42 1.8 24 -1.06
m l' ‘-” o“ 'l-a lz-”
EPI3L MM P 9 -.45 1.6
BFE3L ML .20 1.32 -19  -L4
BPE31 ML .40 53 - 1.2
BPAJA N o35 .08 -4 -.14
BPE34 MTL =12 .64 AT L2
BPE3S LW 1.3% .53 -.83 6,97
3PRI6 1N 28 .23 =2 =69
BPE36 NTL 0 3 -1 1.6t
8P836 LW 1.37 . -.80 8.9
BPI3E N 2 .18 -.18 =70
P38 NTL 1.8 . -89 12
BFE38 LW .33 104 -3 89
BPRAO MW 22 L3 -3 -L17
BP0 NTL 10 .57 -0 -5
BP0 MLY
P840 MLW
BPM4L 1N .30 t.11 =52 o4
BPML HTL -.40 1.43 -33 -‘tw
BPS41 ML 40 .33 -3 -3
BPR42 N Ny 1.03 -.47 1.19
BP842 MTL -2 L3 A -L17
BPH42 MLN .36 161 =00 -l
BPM3 N .43 9% --51 "67
5PIA3 NTL -l 1.34 40 1.3
”“3 wy 1.68 54 ‘-31 9-17
SPRM4 08 .41 09 - 1.9
BPSA4 NTL 39 L3 -8 -.68
P84 LN 1.67 8- ) -8 1Ll
BPES 1N +41 l.‘ﬁ ‘037 .32
BPIS ML .18 .37 -8 -L7
6FES My .97 8- -9 13
m ] .75 93 -07‘ 2-
BP“S mm -32 ‘v“ '.2. -1, 12
BPMI R 1.33 0 - 8.2
BPMS N 33 1.9 -4 04
PMb m '-12 1-37 -02 -1.4
BPel6 1LY 1.4 53 -.68 10.28
BPMGATL
BPRAGALY 1.4 A9 4 8.3
BPR4T WM .18 1.30 -8 -7
P47 ML 2 1. 16 -1.29
P47 LM .17 .82 -89 3,02
Pal N AN 1.18 =37 -3
BPN4E ML
Pg 1.34 J4 -8 S.82
m e - 14 1.5 -.08 -‘u”
BP9 NTL - 1.3 41 L
P9 LY 1.3 .67 -8 8.9
8PE30 08 27 1. - -L12
(Continued)
* Sediment samples were collected
July 1986
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Table E4 (Concluded)

.4 1.2

Std. Skew- FKur-
Sample Mean Dev, ness tosis
8PH50 NTL ! 1.33 -03 -3
BPESO M .13 94 -3 2,98
BPOSE
BPESL MTL -8t 1.34 Jd8 0 <13
W T 1.45 .53 -8 1.6
BFE52 WM -1.51 72 L. 9.08
F432 AL -7 2 A3 -
BP8S2 MW .21 90 -.78 3.4
P33 e -3 1,07 .48 .42
By WML -13 L3 01 -1.51
8PE33 MLy .23 .83 -.82 l.89
SP'W “-n 1-50 .“ 02‘
SPESIANTL 77 L .63 .04
BPASIANLY .37 o7t -.54 6.80
BPe34 N ~1.56 77 2.3 2.47
BPESS MTL -6 140 N -2
SPR34 L4 .41 72 «1.02 8.3
5PASS 1o 36 L4 -2 .08
BP#SS NTL -1.07 1.08 .S 2.5
BFe3S MW 1.9 .63 -7 6.68
EP8SH M A7 2 -3 LR
SFNS6 MTL .3 33 -3 1.9
BPeSs MW .43 43 -.63 1.00
55"57 “ .09 1-22 e 15 'o“
BP#S7 NTL 1.17 .80 -1.03 3.7¢
EFRS7 BN 1.02 1.3 - 33 -.04
EFN38 M -8 1.3 -0 -.93
8F¥58 NTL J6 L2 -5 .10
BPY38 MLW 1.17 79 -7 J2
BPIST M 1.2 44 -1.08  8.43




Sediment Analysis

12. Sediment trends were evaluated offshore and longshore for similar
characteristics. The median (D = 50 percent) grain size was used for the com-
parison of the samples between BP-60 and BP-34, as shown in Figures E5, E6,
and E7. Generally, the sediment was coarse on the upper beach face at MHW, a
mixture of all grain sizes was deposited at MTL, and fine sediments were found
at MLW. These sediment results are similar to the gradation and grain size

analyses summarized in the report by Smith et al. (1985).
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APPENDIX F: TIDAL ELEVATION AND CURRENTS

Introduction

1. Homer Spit, extending approximately 4-1/2 miles from the lower Kenai
Peninsula into the Kachemak Bay, creates an upper bay area of 116.5 square
miles. The relatively large tidal range at this region results in an average
tidal prism of 51 billion cubic feet passing twice a day through the con-
stricted section formed by the Spit. During the flood phase, tidal water
moves into the upper bay area in all directions from the lower bay area. When
the tidal water exits from the constriction, flow separation could potentially
occur at the lower bay near the constriction section and form a large size
eddy (gyre) off the lower half of the southwest Spit coast at the ebb tide.
This eddy, 1f it exists, could be a dominant factor to the erosion of the Spit
shoreline and require special attention in the design of erosion control mea-
sures. Additionally, the magnitude and direction of tidal currents are
important to the longshore transport of littoral material, particularly during
the period of spring tides when the tidal prism is at its maximum level. The
present study is planned for better understanding of the significance of tidal
effects on spit erosion processes. The field data along with computer simu-
lated water elevations and currents are presented. Results are provided in

detail for the area along the southwest shore of Homer Spit.

Field Data on Tides

2. According to the Tide Tables (US Department of Commerce 1984), the
tide data in Kachemak Bay are available at two permanent tide stations:
Seldovia (on the south bank of the bay mouth) and Homer (near Homer Airport).

The mean and diurnal tide ranges given in the Tide Tables are as follows:

Ranges, ft
Station Mean Diurnal
Seldovia 15.5 18.0
Homer 15.7 18.1

F1




3. The tidal elevations at a station near the tip of Homer Spit were
summarized by US Army Engineer District, Alaska (CENPA) (Smith et al. 1985),

as follows:

Tide Level Elevation, ft
Estimated Extreme High Water 23.3 MLLW
Mean Higher High Water (MHHW) 18.1 MLLW

Mean High Water 17.3 MLLW
Mean Tide Level 9.5 MLIW
Mean Low Water - 1.6 MLLW
Mean Lower Low Water (MLLW) 0.0 (datum)

Estimated Extreme Low Water =5.5 MLLW

4., In this project, three tide gages were deployed to three stations at
Seldovia, Homer Spit (near the tip of Homer Spit), and Bluff Point during
4 August to 27 September 1984, Bluff Point is on the north bank of the bay
mouth about midway between Anchor Point and Homer. The tide gage at
Bluff Point was lost in the field and could not be retrieved. Therefore, no
tide data are available at this station. The measured tides at Seldovia and
Homer Spit are given in Figure Fl1.

5. In general, the tides in the bay are semidiurnal but have a pro-
nounced diurnal inequality with elevations from 0.0 to 5.5 m (0.0 to 18,1 ft)
for MLLW and MHHW, respectively. The extreme low and high water elevations
are estimated to be -1.7 and 7.1 m (~5.5 and 23.3 ft), respectively.

Field Data on Tidal Currents

6. No current data in the bay are available from the Tidal Current
Tables for 1984 (US Department of Commerce 1984). In the field study of this
project, three ENDECO current meters were deployed to sta HS7 off the tip of
Homer Spit to measure currents at three different depths during 8 to 12 August
1984. The current vectors and vector roses are shown in Figures F2 through
F4. Figure F5 shows station locations.

7. To supply synoptic currents along the southwest shore of Homer Spit,
six mooring stations were set up on 10 and 11 August 1984 for measuring tidal
currents at three different depths from boats. The six mooring stations
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Figure F5. Locations of mooring sta HS1 through
HS6 for current measurement

sta HS1 through HS6 are shown in Figure F5. The current vector histograms are
shown in Figure F6. The accuracy of the current data is limited, particularly
the current direction, as one can readily understand the difficulties in mea-
suring the currents from a small boat. Nevertheless, the magnitudes of the
currents from a small boat. Nevertheless, the magnitudes of the currents are
still very useful for the study.

8. Notably, the currents were measured during 8 through 12 August 1984
when the tides were in the high tidal range, as shown in Figure Fl. Therefore
the tidal currents were strong, on the order of 2 fps at the ENDECO station
and 1 fps at the mooring stations. However, in a lower tidal range one might
expect the tidal currents to become weaker. Also, the maximum flood-tidal
currents were larger than the maximum ebb-tidal currents at all the ENDECO and
mooring stations.
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9. In general, the high tidal range, high Coriolis force, and the inlet
geometry cause strong currents during both flood and ebb tides. Tidal cur-

rents can reach as high as 2.5 fps near the bay constrictions.

Numerical Simulation of Tides and Tidal Currents

10. Numerical simulation of tides and tidal cusrents in the bay is an
efficient and economic means to obtain hydrographic data to supplement the
field data for the engineering project. A multilayer finite element model was
originally developed by Kawahara (1978, 1983) and recently modified by Wang
(1986). This model was employed to simulate tidal elevations and currents in
the bay. Special attention was on the simulation of the project area along
the southwest shore of Homer Spit. Dr. Wang and his group at the Center for
Computational Hydroscience and Engineering at the University of Mississippi
conducted the simulation calculation.

S 11. The model is based on the conservation equations of mass and momen-
tum for fluid motion. The long wave theory is assumed, and the governing
equations are depth-integrated for each layer. A lumped finite element tech-
nique, which uses Galerkin weighted residual formulation, is employed for
numerical solution.

12. The bathymetry and geometric configuration of the bay for the simu-
lation were taken from the National Ocean Service Nautical Charts., The four-
layer finite element mesh system for modeling the bay is shown in Figure F7,

There are 637 elements and 409 nodes. The elements along the southwest shore

of Homer Spit have only one layer since those elements are in shallow water,
13. The tides at Seldovia shown in Figure Fl were selected as the tidal
boundary condition on the south bank of the bay mouth. On the north bank the

LEE)

tidal boundary condition used the same tides at Seldovia but with a phase lag

of 5 min. Since the tide gage at Bluff Point Station was lost, the tides on !
the north bank boundary were estimated from the tides of the nearby stations

given in the Tide Table (US Department of Commerce 1984). The phase lag

* between Seldovia and Bluff Point is increased linearly along the open bound-

ary. Three high, intermediate, and low tidal ranges, of 7.9, 4.5, and 1.1 m,
respectively, and a sinusoidal function of 12 hr tidal period at Seldovia were
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Figure F7. The four-layer finite element mesh
(The number in an element indicates the number
element.)

used to investigate the effects on water elevations
with special attention given to the southwest shore

14. The freshwater discharge of Bradley River

system in Kachemak Bay
of layers of that

and currents in the bay,
of Homer Spit,
of 86.93 m3/sec was

imposed as a boundary condition at the head of the bay. The slip boundary

condition was used along the shorelines and nonslip condition on the bottom of
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the bay. Stress boundary conditions were applied at the free surface and the
bottom. Initial conditions used a cool start for water elevations and cur-
rents. The water elevations were set at the mean water level at the beginning
of each simulation.

15, The following parameters were used in the simulation: water temper-
ature was 12°C; water density was 1,024 kg/m3; and water kinematic viscosity
coefficient was 1 X 10-6 m2/sec; the vertical and horizontal eddy viscosity
coefficients were 0.05 and 0.5 mzlsec, respectively; wind speed was 14 mph;
wind direction was 130 deg; wind drag coefficient was 0.001; and the Chezy

coefficient was 60.

Simulation Results

16. For each of the three tidal ranges at Seldovia given in para-
graph 13, the tidal elevations and currents in the entire bay were continu-
ously simulated until the results repeated themselves in the periods that
followed, sometimes up to four tidal periods of computation. The results in
the last period for each simulation were stored as output.

17. The horizontal flow circulation in the entire bay subject to the
high tidal range of 7:9 m is typically shown in Figure F8 a through d and Fig-
ure F9 a through d. The figures represent the ebb and flood circulations.
There are four figures in each circulation which show the flow velocity vec-
tors of each of the four layers. These flow velocities are well in agreement
with the observed data. In general, the flow accelerates when approaching the
narrow passage of the main channel and decelerates after it is passed. Nota-
bly the water depth is large along the main channel, and the steepest bottom
slope exists along the main channel. Therefore, the maximum velocities do not
necessarily occur in the uppermost layer of the narrow passage, but in fact
occur in the lower layers. The results also indicate that there is a long-
shore current along the Homer Spit coastline during most of the tidal period.

18. The vertical components of these flow velocities are at least one
order of magnitude smaller than the horizontal components. They are shown in
Figure F10. 1In the figure the vertical dimension and vertical velocity compo-
nents have been exaggerated to make them more perceptible to the naked eye.
The location of the vertical plane selected for projection of the velocity
field follows through the main channel of the bay and is shown in Figure Fl1l.
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Figure Fll. Location of the vertical plane selected for
projection of the velocity field

19, The water elevation histograms at three selected nodes, for the case
of the intermediate tidal range of 4.5 m at Seldovia, are shown in Figure F12,
The tidal ranges at these three nodes are similar to those at Seldovia.

20, Since the critical area in this study is in the vicinity of the
southwest shore of Homer Spit, more detailed results are given at nodes in
this area. An enlarged finite element of the locations of these nodes is
shown in Figure F13. The project area is near node 12. The results of water
elevations and velocity vectors for the case of the high tidal range 7.9 m are
shown in Figure Fl4 a through r. The water elevations at the tip of
Homer Spit are in agreement with the field observation. The results indicate
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Figure F13. Nodal numbers of the selected nodes where
detailed histograms of elevation and velocity are
plotted

that the water elevations along the southwest shore of Homer Spit are almost
identical to those at Seldovia, except for some phase difference on the order
of minutes from Seldovia and among themselves.

21. The flow velocities also agree well with the field observation and
are in the longshore directions. The maximum tidal currents near the project
area are 0.262 m/sec at node 12 and 0.282 m/sec at node 66; maximums near the
tip of Homer Spit are 0.644 m/sec at node 16 and 0.670 m/sec at node 175.

22, The simulations of the cases of the intermediate and low tidal

ranges, 4.5 and 1.1 m, respectively, were conducted also. The results of the
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wvater elevations and currents were examined and are of little difference from
the case of the high tidal range, 7.9 m, except their magnitudes are reduced.
The reductions are almost proportional to their tidal ranges at Seldovia.
Therefore, the results of these two lower tidal ranges are not presented in

this report.

Summagz

23, The simulation of tidal currents in Kachemak Bay does not show the
eddy formation off the southwest coast of the Spit during the period of ebb
tides. It is quite possible that flow separation expected to occur at the tip
of the Spit is small scale and cannot be simulated by the model. However, the
model results indicate that longshore currents are strong, particularly during
the spring tides. The maximum currents of either phase of tide exceed the
threshold speeds of most sediments of the area. The model also shows that
longshore currents during the flood tides are stronger than those of the ebb
tides along the southwest shoreline of the Spit. This inequality in tidal
currents could result in a net littoral transport toward the tip of the Spit.
The maximum current speed is found to be reduced proportionally at the reduced

tidal range.

F39







